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ABSTRACT

A model of the Martiki Coal Corporation blending and

preparation process is developed with minimization of wash

loss as the objective. Solution is by iterative linear

programming using the Tucker -ableau algorithm on an Apple

II microcomputer. Output serves as an aid to preparation

plant personnel in making the daily specific gravity and

tonnage decision. Each percentage reduction in Martiki's

1984 wash loss would have decreased disposal costs and

increased revenues by approximately $550,700.
\-."
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Chapter I

INTRODUCTION

The purpose of this study is to formn, Iat, anoi code a

mathematical model of the coal blending and p,-rearation

process at the Martiki Coal mine in Lovely, KentucKy, which

will reduce wash loss by improving the daily tonnage and

specific gravity decisior. MartiKi prepared, or washed,

4,742,607 tons of raw coal in 1984, with 3,073,799 tons

produced as clean coal, and 1,668,808 tons, or 35.19

percent, discarded as reject. A reduction of one percent in

this wash loss would have decreased reject disposal costs

and increased revenues by approxi watol% S7,5(),70 .

: 5evPra} asp ct: 01 coal 11-Id lt '1., 1 ,

I ,'f~nin. o nnral mathla ,'ai :od., ,: ,-

r)reparation and blending process. Familiarization with

these aspects is necessary prior to examinina thp

site--specific differences which prohibit this type of

aen,,ra]I izat ion.

Coal Quality Characteristics

Coal is a heterogeneous mixture ol inorganic

crvsta li ne minerals and organic phvtogenic, noncrystalline

mt,,r-iaIs that vary in physical and chemi cal composition

:ir) s,:am to seam and within seams. Two major reasons for

• [_ . . .- . . .,, ... • . . . . .. . .......
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the variety of physical couionents in coal are the diversity

of the original plant materials and the degree of

metamorphism, or coalification, that has affected these

material s. 'lie imruuri.tics occurring in coal may ne

categorized into those that are ash forming and tnose toldt

contribute sulfur. Further impurities are frequently add ed

to the mined product by the mining process itself.

Of principal importance in determining the value
of a given coal on the market is its quality
measured in terms of use characteristics, ash and
sulfur contents, and heating value. (Leonard and
Mitchell 1968)

Heating value is usually expressed in British thermal

'Anits ( ptr sx-r poiind or kilocalories per kiloiram. On- Pt t

Th JOL - 5'l 12it 1 IL 00 5 r% r ea ch k i I owa t t now,, r of 17 e

Iooitai s t'r lr (trm in ed b)y thle heoa t ing va I io o0t

ti ' ('co; r I ru. .

Ash conttnt-, -xi)rtssed as a percentaqc ;)%v weight,

ii 1 ', t- n heatin,l vali,- and thus i nits th,,

:a[pc tty o: an qiven coili)ustion unit. Not ill ash-:or',

linmur it i's can nw sona-atKi from the coal by pr-pariatioin,

watch i, mthods.. I nhrerent ash content is a 1 imitinc

,minirurm thlt consists of those ash-formiliq impurities that

tor co,il preparation purposes can be considered structural I Iv

I pI rt: ot the, oa1. Those ash-forming impurities that clin



1 oll tno two so rc,-s suopply ing coal1 to thc ha rma i\' i 1 loe

prepara-tion plant. 'All coal has approximately the same

sizini4, physical properties, and chemrical pr po rt 105

Ne 1son 1966)1 since both soorces are mini nq ti0111 tne samel(

Se(1am11. Optimum va To Les do not necessarilIy mmii mi ze to (IA I

mining costs, since the objective of the full model is to

minimize total steel producinci costs. CEIP inc. 's -1-

LP/90/94 linear programming code is used to solve the model.

Barbaro and Mutmansky (1983) have applied a nonlinear

mixed integer goal programming model to the problem of

suoplying coal to power plants. The goal programrnlnu aspect

01 t he mode 1l f 01 lows f roml contracts- that spo~ci I a or Uci Fni

( ~ I [ WI tj 1010o Sl' YF 1W-l. I, ,-i 5 1 i

no Ilt i le coal quality goals. Of the five quality

cia cracteristics considered, two have nonlI n a ir payfillt,1-

schdulIes . Some of the decision vanr oh V s 31, 01nary

integ-,er variables: whether a miine is op irate~i, whether a

iiiall.kbt is- soppi ied , or whether a I1 en'. i n11o , ' l ratilon- p)1 anlt

I se The s opp I iers XI }(7t ed ret prol i t neOf ore tax is

ITlliizd in tnis Model ,sun sect to fullot"n t pe S otf

constraints. The formulation is then demonstrated for a

scenario with three mines, two pla-nts, andl three markets.

11nde~r these conditions, the formulation yields an initial

tahloau with 42 equations and 113 variables;, with sol, otion



costs, transport, and environmental limits. IBM s Mi's- %hU

sol uti()n cod," is used and output is both numerical and

cart ogra phic. However, for full generation to be tunabl, eii

tieo P',nn Stat,> IBM 370-168, "pre-processina I imitations on

numor-s ao act 1 Ait ie>: and constraints" Knight and Manula

1976) are necessary. While 67 counties, 7 ,xternal regions,

9 markets, and I0 seams ar-e considerd, coal characteristics

for only ROM and two prepared grades are available.

Nelson (1966) describes a model of steel-making

operations developed by the operations research section at

Wheeling Steel Corporation. The Wheelinq Steel model takes

into account al 1 r, 1-ant .,osts and production

slabbing of ingots. As with coal utilized in power

,nrat ion, cokinq coal ut iI i zed in metallugical processes

must meet strict quality specifications. These coal quality "0:
considerations are the most important nonlinear section of

t il model .
T ho model i s "a hybrid linear program that

nandles non-linear relationships tirough the mechanism l -

syarabl, variables" (Nelson 1966). The liarmarvilie mine,

Wheeling's primary coal supplier and only preparation plant,

is treated as a submodel. The objective of the Hlarmarvil le

submodel is to identify the specific gravity to operate the

preparation plant at and to specify what tonnage to request

.. . . . . . . . . . . . . . . . . . ..... ..•-- •• - -- -.. . .. ..... -. .- . ....- -< . . •



1 4.

'1-2k, 82 1 4'-

Chapter 11

LITERATURE REVIEW

As Nielsen (1984) points out, the mor, than twenty

years of Application of Computers and Operations Research in

the Mineral Industry (APCOM) symposia have been geared

towards large-scale operations which have corporate

mainframes available. This observation is also valid for

papers presented at meetings of the Society of Mining

Engineers (SME) of AIME. Despite this bias, previous linear

programming and/or coal blending applications appearing in

the mining literature merit examination for peculiarities

hn,- t may he1 ),Ip] icable- to a small-scale o, .,--t on such as

bar (jo-Sc aiku)erations

Knight and Manul a 1976) have Clevelo,, t Ie

Pennsylvania Coal Model (PCM) "to simulate.% potential coal

[)rOduction and uti ization sys tems in LsI '.n Thte

PCM is a i inear-l rog raml 1 ng -ha sed, tour-st,i ,) moodel that

minimies the cost o)f m(,,ting demand subnlet to production,

sulfur emission, capital, and transportation constraints.

To evaluate the implications of various demand scenarios,

th, user may mani pulate extensive data bases for demand,

reserves, production, coal characteristics, )roduction

. .. .
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percent or more. Refuse disposal areas at Martiki are r)einq

filled in half the time they were designed for.

Taken together, these difficulties account lor the

inability of Martiki to meet contract specifications

efficiently. Intuition is not an adequate too] for

evaluating the infinite number of quality, tonnage, and

specific gravity combinations from which to select the

optimum blend and the specific gravity that will minimize

wash loss.

This brief examination of the coal blending and . -

preparation process at Martiki was necessary prior to

roviewinq the literature for similar applications. W hil ..k

<'i l (cal i)londin( and or pr eparatioll 1(1 ii I 1tit

in th(. literature, none is completely adaptablo for this

study, the puipose of which is to model Martiki in order to

reduce wash loss by improving the daily tonnage and the

specific gravity decision.

............................................................ . .
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1. No consideration is given to the tonnage and

quality of coal that is ahead of the ROM coal in both the

clean and crushed coal silos. Enough of this coal may

remain after loading two unit-trains to have an effect on

the averaging nature of coal quality characteristics.

Conversely, some of the washed ROM coal may be needed to

complete a shipment having quality specifications

significantly different than those currently under

consideration. . .

2. As mentioned earlier, the raw coal blendinq is

completely arbitrary. No control is exercised over the

tonnage from each source fed to the crusher. Only one

stockp-l. exists, and the decision to unloali r(

by the drivers, based on the length of the crusher queue.

No sample can refl -ct accurately the quality of one

stockpile that has been fed by many sources.

3. The preparation plant is capable of washing at 20 . -

gravities, ranging from 1.41 to 1 .60 in increments of 0.01.

Samples are analyzed at only one gravity, however, requirine

the operator to make a decision based on estimated nonlinear

extrapolations.

4. Coal is frequently overprepared to avoid violatinq

contract specifications, resulting in reject losses of 40

- . . . . . . .. . . . . . . . . . .- . . . . . . . . . . .. • t

. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .
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individual load's movement through the process because of

the continuous separating that occurs from the instant a

load is dropped in the crusher chute.

In general, one "hand-picked" sample is taken each day

from a load coming from each of the sources. Samples are

analyzed at either a 1.45 or 1.50 specific gravity, a

two-day process. For contract compliance purposes, final

product samples are also analyzed. Each contract specifies

maximum moisture, sulfur and ash percentages, and minimum

Btu content. Some contracts contain ranges called deadbands

in which the base price is paid, with penalties or bonuses

awarded for being above or below the deadband dependina on

th' t I Each t

clause that allows the customer to cancl the. contract if

coal quality repeatedly violates specificatio:;s.

Martiki's current procedure for makiny tthe daily

specific gravity decision relies on the "gut-feeling" or

intuition of one person. That person obtains tonnaqe

estimates for coal available from each of the, sources for

that day, evaluates the most recent sainp1e analysis for ,acn

source's coal, considers which contract must be satisfied,

and announces the specific gravity that the preparation

plant will wash coal at for that day. There are several

difficulties with this procedure:

i I 
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tonnaqe to accept from each source, arid tne specific gravity

at which to operate the preparation plant. An incorrect

decision would result in eitner und,,rpr,,pared coal (too nigh

a specific gravity), where tht, contract specifjcations are

violated, or overprepared coal (too low a specific gravity),

where an excessive amount of reject must he disposed of. A

mathematical model would aid the decision maker in avoidinq

making an incorrect decision. Site-specific peculiarities

must be examined, however, prior to formulating a model for

Martiki.

The Martiki Coal Mine

Martiki is a surface mine that ,rduces ,ver thr,,"'

mi 11 ion tons of I o i ii Us It,,T (-0 i . , " . .

supplies as many as ten utilities, with flon-tterm cont racts .

and reserves potentially guarantee in(; tne inine's operation

until 2010. ROM coal is available t rom five Martiki pits

and five independent sources. Deliveries of 10,000 tons are

loaded on unit-trains from a ce]an co).i] sil o, generallv for

one customer per day. ROM coal is ,ithor stockpiled or fed

to the preparation plant via an in-I in, crusher that empties

into a crushed coal silo. The raw coal blending that occurs

is completely arbitrary. This arbitrarint,ss is introduced

by the unpredictable arrival of different size loads from

the ten distinct pits. It is impossible to trace an

. . .. .. .

-.-2 ,. - ,- 2 --. ,_ ,. " . . . -- . - -. .... ' " . . .. .. . .. ,.,,,- ,- . ' ,- --- -
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coal requirements, but overpreparation can be costly through

reject losses" (Leonard and Mitchell 1968).

Refuse From Coal Preparation

Coal preparation refuse, or reject losses, represent

not only lost revenues, but also the additional cost of

refuse disposal . Refuse disposal is subject to laws and

government regulations, and is costly enough to warrant

consideration of all routes and methods of transportation to

the disposal area and all possible methods of keeping the

quantity of refuse to a minimum. Minimizing the quantity of

misplaced float material caused by inefficient washing is an

important factor in preventing spontaneous combustion in tho

refuse disuosal area. The design of a mine and plant siculd

include the location and the estimated capacity o, tI-

disposal areas for the life of the property or the plant.

The Coal Preparation Decision

The complexity of the daily decision maKing process

involved in coal preparation and blending should be apparent

at this point. Coal from multiple sources, each with its

own quality attributes, must be blended and prepared to meet

the specifications of a contract. Sample analyses performed

provide the theoretical results for the preparation process.

The decision maker must amass this data and decide the
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washing gravity to be used is based on raw coal washability

data and clean coal specifications. According to Leonard

and Mitchell (1968), for most bituminous coals,

washing at 1.55 or 1.60 will usually (a) show an
efficient separation of coal and refuse; (b)
achieve high capacity performance from the
cleaning equipment; (c) result in a fairly small
loss of Btu in the refuse; (d) permit the use of
simplified processes, and (e) prove more
economical than washing at lower gravities.

The Economics of Coal Preparation

The preparation policy that enables an operator to make

the most money for his efforts and investments is site

dependent. Each individual mine or production qroup must

calculate its economics of preparation based on several

variables including present facilities, contract

requirements, ability to make a nroduct meeti i.

requirements, probable costs, and possible future changes in

raw coal or finished product. As stated by Leonard and

Mitchell (1968),

[pIreparation is the last production step that can
offset cost shortcomings in mining and haulage,
and thus raise the value of the finished product
to command the highest possible realization.

Loss of previous mining cost advantages may occur,

however, because of the cost of raw coal preparation from a

material handling standpoint, or because of increased reject

losses. "The raw coal must be prepared to meet the clean

......- v.- .-. . . . . . . . . . °.
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When prepared, or washed, ROM coal is separated into refuse

and salable clean coal. In preparing coal, technologists

have numerous processes and machines available, ranging from.

extrermely simple to complex. Each machine or process Ls

designed to remove one or more of the impurities discussed

earlier. For methods of gravity concentration, the most

common method of preparation, the principles applied are

directly related to measurable and controllable

characteristics such as the following:

1. Dense impurities (inorganic minerals) have specific

gravities ranqing from 2.2 to 2.7 while "pure" coal (organic

componont has a specific gravity of from 1.23 to 1.72,

1.ti 22 ni eo v mci sturke and ash Content

2. There is a small apparent specific aravit\

diffetrence (0.1) between particles composed of both coal and

minerals in varying proportions.

3. A volume difference exists between equal weighted

organic tind inorganic particles.

4. 'neru, is a surface chemistry difference between

organic particles and inorganic minerals.

For preparation plants that utilize methods of gravity

concentration for washing, control over the process is

exercised by regulating the specific gravity of the

separating fluid, a suspension of sand or maqnetite. The
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affected by extreme variations in raw coal characteristics,

raw coal blending is practiced. Blending bins,

proportioning techniques, and mobile rotary bucket wheels

used as stockpile stackers and reclaimers are examples ot

methods being used to level out fluctuations in coal sulfur,

ash and Btu content, and size.

Selective mining, or the care, effort, and cost

expended by the mine operators, engineers, and miners to

avoid breaking, handling, or shipping anything but usable

coal, could conceivably produce a run-of-mine (ROM) coal

product that minimizes downstream preparation and

utilization problems and costs. This technique has economic

Iinitations, 'iowever, in theft it slows down cu)Qe-rat lons, u5sC

more men or machines, and generally decreases productivity.

The concern for maximizing average mine productivity by

increasing mechanization and avoiding placing stringent

specifications on the miners and their capital intensive

machines has increased the application of coal preparation

machines and processes downstream.

Coal Preparation

Coal preparation is performed to minimize the amount of

inorganic materials which constitute a coal feed such that

total mining, preparation, and utilization costs are

minimized while achieving acceptable hydrocarbon recovery.

.............
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product. Examples of both types of analysis are included as

Appendix A.

A float and sink analysis is made by testing tne coal

sample at preselected, carefully controlled specific

gravities.

The specific-gravity fractions are dried, weighed
and analyzed, generally for ash content. Other
analyses, such as sulfur content are also
conducted, depending on the end use of the washed
coal. A table is compiled showing the weight
percent of each specific-gravity fraction,
together with the analyses of each fraction. The
data are mathematically combined on a weighted
basis into "cumulative float" and "cumulative
sink," and used to develop the "washability
curves" that are characteristic for the coal.
(Leonard and Mitchell 1968)

The two most common chemical analyses arc. the proxima., e

and ul timiiat< analyses. The proximate, anal ys is norma ii v

me asures moisture, ash, volatilc matt, r, and tixe) ciron.

The ultimate analysis normally measures the percentages of

the elements present in the coal: hydrogen, carbon, oxygen,

nitrogen, sulfur, and ash. The choice of analysis is based

()n the, availani ity of laboratory facilities and ttic

perceived need for analysis results. Representative

analysis results are provided in Appendix A.

Raw Coal Blending and Selective Mining

Where a high degree of product quality control and/or

whe_,re preparation plant efficiency and performance are

.. .... .---..<... . . . ". .. . . . .•.. . ... ..- - ...... ".- " - -' - .• ' "
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both suitable and reasonably uniform. Continued economic

boiler operation requires uniformity of feed containing

inherent charac -ristics that permit efficient results when

burned. For example, the corrosive effects associated with

utilizing high sulfur coal greatly increase operation and

maintenance costs. Best results are achieved when the coal

has been prepared physically by crushing, sizing, blending,

and removing the objectionable impurities discussed earlier.

Sampling and Analyzing Coal

The successful operation of a coal preparation plant

requires that the operator have information on raw coal and

final product characteristics, as we] l as rel iable dati or

,-wiat is actually happening at each o the preparation

staqes. The recogni zed U.S. agency fur th_. standaId I /it- i(I

of methods for sampling coal is The American Society for

Testing and Materials (ASTM). ASTM Standard D-492 and

Tentative D-2234 dictate methods for manual (hand) and

automatic (mechanical) samplinw, respectivel v, i. wi I

procedures for sample preparation (Leonard and Mitche l

1968). Float and sink tests and/or chemical analvs,,s al,

then done on the samples to determine raw coal washaility

characteristics, predict results, check plant pertfermance,

or determine analytical characteristics of the final
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be removed by washing are considered segregated.

Sulfur content in coal is also expressed as a

percentage by weight and "is reported in detailed chiemical

analyses as sulfate sulfur, pyritic sultur, anu organic

sulfur" (Leonard and Mitchell 1968). To be extracted,

sulfate sulfur, which is usually only of minor importance,

must be treated with hydrochloric acid. The limiting

minimum for sulfur content after washing is organic sulfur,

which cannot be removed unless the chemical bonds holding it

are broken.

Moisture in coal, also expressed as a percentage h

weight, replaces potential enerqy in proportion to the

) n():_nt i-,4,nt, and is th.ro for' consi lk] r-, , ( :. i mn ur '.

Physically held moisture in the coal poros is inherent

noisture, while surface moisture is completely extraneous to

the coal and is caused by rain, condensation, otc.

Coal Utilization in Power Generation

Wh-,n i coa]-burn i nq, steam 1e1ne0rat i n, P1lant is deisiqnooi

-and constructed, consideration is given to the types of coal

economically available in an area. Lonq-term,

large-quantity contracts are awarded benefiting botn the

utilities and coal producers. Quality criteria are normally

included in these contracts to ensure that a coal feed is

-, .. ,- ,,.. ,.,; ,.m _ _ ,,. ]~ n ,. , -. l . -a • - .. . . .. ... .
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by IBM 's MPSX cod(,. The assignment of a binary decision

variable to plant selection suggests that consideration is

given only to the results of washing ROM coal at one

specific gravity for each plant. This formulation ignores

the fact th-at each mine's coal would exhibit diffe-rent

characteristics after washing, and that each plant is

presumably capable of washinq at a wide ranqo of gravities.

This limitation is addressed by the statement that adding a

complete "preparation plant selection is more difficult and
0

would require significant modification to the model"

(Barbaro and Mutmansky 1983).

Bott and Badiozamani (1982) have incorporated the

i)lendin proilem1 into a mod,,i ,hnit 1lso , .T Imines thl,

mining sequence and rate of advance along each bench. As

formulated, only in-pit blending and sulfur limitations are

considered, although "specification of limits on other

quality parameters such as sodium, ash and'or other elements

of concern" (Bott and Badiozamani 19)82) ar,, :.ossiol,. A

linear programming algorithm is used in the n Ilnin,, I)ortl ,0.

of the model, maximizing the value of coal shipped. Coal

from each mining block can be blended into a product, stored
0

as noncompliant coal for later use, or handled as refuso.

Gershon (1982) describes a linear programminq

application, Mine Schedulinq optimization (MSo)), that will
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(1) Determine the optimal operation of a mine,

from mine to plant to market.

(2) Account for mine-plant-market interfaces.

(3) Optimize operations over the life of the
mine.

(4) Accomplish long, intermediate, and short

range planning.

MSO is a generalized formulation that simultaneously

optimizes the ultimate pit, production scheduling, and

transportation problems. "The blending problem, however,

may require a complete reformulation for different ores"

(Gershon 1982). Since Gershon (1982) considers coal to be

"representative of a more difficult blending problem where

the blend must be accomplished for muitiple attributos, ' nis

example, considers only in-pit olndLiny. :A matrix generator,

PDS/MAGEN, is used to construct thL mu, , ain AP]KX- 111,

Control Data Corporation's linear progranmming code, solves

the problem. Full formulation of this problem requires as

many as 8,000 constraints, and therefore, "a little

foresight and engineering knowledge, crouqgt to ioar on the

problem, will save thousands of dollars of computer expense"

S(Gershon 1982). This foresight and enqineering knowledge

comes in the form of a programmer capable of eliminating

variables and constraints from the model as coal is mined.

Jerez (1984a) has incorporated mining, washing, and

transportation into a model for th- Lost Mountain mine near

.. . . . . . ..o
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Hazard, Kentucky. Costs art, minimized in this formulation

which is solved as a mixed integer linear programming model

on an MVS/370 using IBM's MPSX solution code. The integer

aspect of this formulation handles the decision to wash RoM

coal at one of three specific gravities (Jerez 1984b).

While the multiple seam, multiple contract requirements at

the Lost Mountain mine are not unusual, the flexibility of

the operation, as portrayed in a schematic of coal flow, is

unique. ROM coal may be stockpiled as high or low quality

raw coal, or sent directly to a contract stockpile. Washed

coal is also segregated in stockpiles as either high or low

quality. Clean coal is then transported to contract

stockp1 I2s, wi th on for :ac-h contract. A ;I (() 1 ! il:

technique was adopted that constructs shipments according to

the relative proportions of in place coal. This technique

prevents both selective mining of only high quality coal and

stockpiling of low quality coal. The MVS/370 is located in

Chicago, and "an efficient telecommunication network allows

different remote locations (Hazard, Kentucky; Middlesboro,

Kentucky; Denver, Colorado) to share the information when

complex scenarios need to be resolved by different

departments" (Jerez 1984a).

- " ab " "J"l'k k~e' uh b ' h ' nlnu.. .. . . . . . . .... . . . .... . . .. . .
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Small-Scale Operations -

The software and hardware necessary to adopt any of the

formulations presented thus far give merit to Nielsen's

(1984) statement that

combined costs for programs and computer
equipment, may represent an initial investment of
$100,000 to $200,000, plus training and operating
expenses. It is not easy for the small-scale mine
manager to convince himself, or others, about the
cost effectiveness of such an installation.

Most small-scale operations still make their blending

decisions in a manner similar to the Carter Mining Company,

an Exxon subsidiary located in Gillete, Wyoming.

As with other aspects of mining geology, there is
an element of individual judgment factored into
blending decisions. The coal quality enaineor
,omnunicatces the target blend to t :,, ;,rc,,ie; ion
supervisor and specifies the number oi trucK loads
of coal from each bench that should be loaded into
a designated silo. (Brown, 1)ilIe, and ]land 1984)

Hooban and Camozzo (1981) offer hope for small-scale

operations with a microcomputer. Although presented from

the point of view of a coal buyer or broker, a specific

shipment, with its associated quality requir,,montS, Is

blended from 10 coals with varying quality and available

only in limited quantities. An explanation of the linear

programming software's simplex procedure is offered in

layman's terms.

It is not especially obvious from the results, but
the program implicitly considers every possible
combination of coals that could be devised from

. ... ..
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the mines on which it has information. It does
not necessarily perform a computation for each
one, but it does produce an answer that cannot be
made better by an alternative allocation. (Hooban
and Camozzo 1981)

The coal broker, however, is not concerned with preparing

coal. His decision is concerned only with meeting contract '""

specifications by blending already prepared coal provided by

multiple suppliers.

While any one of the previous formulations may on the

surface appear to be adaptable to this study, several

peculiarities with Martiki's operation prevent direct

adaptation. These pecularities will be outlined as the

model is formulated in the next chapter. Significant

us 'C ts cal :'r,~i~ 1ifl2ti ll I ;)I tW M,

description of Martiki's current operation, ano several

formulations appeariicj in the literature have been

presented. This study will now formulate a model of

Martiki"s coal blending and preparation process that will

reduce wash I oss by improvi nq thk, dai I y ten, naqo , nd the'

specific gravity decision.



IChapter II

MODELING MAlRTIKl

I A general statement of the coal blendinq and

preparation problem based on the brief examinat ion of

Martiki presented earlier would be: how many tons of ROM

h coal to accept from each source and what specific g1ravity to

wash the coal at in order to meet a contract's quality

specifications. This problem statement is not adequate for

modeling purposes however. Formulation requires a well

defined statement of the problem that includes an

appropriate objective, considers external constraints, and

j CknowI edges interrel ationships wit n other- or-ianiz.ation ml

ar17(2a1S . it is these site-specit ic consicrations which

prohibit defining a ma thema ti cal1 :niu~ie i 0 k e iI na BtO

j applicable to all coal preparation facilities.

Formulating the Problem

t• .

The obvious objective of a Martiki model would be

profit maximization. This choice would involve both

prevenues and costs. While revenues are well defined a s a

function of tonnage and quality delivered, costs at Matiki

are not easily delineated. A more ariopr riat ohecti

twould be to minimize wash loss. Re co anizin that th

colt cetfo ahsuceadwa pcfcpaiyt
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solution to a coal blending and preparation model is '

suboptimal to the overall coal producinq operation, t he

objective used should be as specific as possibl, whi I :t i II

encompassing tile main quals of the, d.,cision naK(er :1ind

maintaining a reasonable degree of (onslistenv" with thK

higher level objective (Hillier and Lioberman i1967).

Minimizing wash loss meets this requirement by directly

affecting profits.

The cost of a ton of ROM coal can be considered sunk by

the time it reaches the preparation facility. The cost of

preparing that ton is a function of the quality. How much

of that ton is output as compliant coal, a function of tne

ti t

affect revenlues. The noncompliiant coal output as wash loss

represents hoth iost revenue and tne additional cost of

disposal. A one percent reduction in Martiki 's 1984 wash

loss would have decreased disposal costs and increased

revenues by app[roximately $550,700.

External Constraint

For cons ide rat ions of prob I em f o rmu I at on, the on 1 v

external constraint is the insistence by Martiki operat ini

management that proqrams be written for an Aple I I

microcomputer. This constraint places limitations on the

....................... . .............
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problem formulation by eliminating "sophisticated" solution

algorithms that have sizable memory requirements. The

integer and nonlinear aspects of most of the formulations

presented in the literature review must therefore b,

avoided.

Interrelationships

As the last step in the production of coal, blending

and preparation is a function of what has already been

mined. Coal selection from a blending and preparation

viewpoint involves the decision either to stockpile or to

prepare tonnage delivered from each of the sources.

Preparation plant personnel have no control over from where

in a sui, coual. is Uoing mineu anJ, tfl,,CI ei~ , :,o contr '.i

ovwr the qual ity of coal being del iye o . iuh is W"cti unal

relationship can only be eliminated by integrating olending

and preparation into an overall mine plan. Operating

management at Martiki, however, saw no immediate need for a

complete renovation of operations.

Problem Statement

With a specific objective in mind, and with external

constraints identified and interrelationships examined, a

well-defined statement of the problem is: how can the

Martiki preparation plant meet the quality requirements of a

. . . . . . .. . . . . . . . . . .



1-2982 2%

contract in such a way as to miiimiz , wash loss, 9v1, Vli that

the only controls exercised over the2 process are the option

to stockpile coal temporarily and to select a specific

gravity at which to preparo coal. This problem statement

must now be reformulated into a coinvonient form for

analysis.

Model Construction

A model is necessarily an abstract idealization of
the problem, and approximations and simplifying
assumptions generally are required if the model is
to be tractable. Therefore, care must be taken to
insure that the model remains a valid
representat-on of the problem. (Hillier and
Lieberman 1967)

For mathematical modeling purposes, t ti essonce of the -

problem ijiust t)- uescriuec i u ,i sy ute i a eq'Liit 105i i' -

mathematical expressions.

Assumptions

Analysis results will be the foundation for model

formulation. It must be assumed, thorefore, that ASTM

procedures are being followed by laboratory personnel whon

taking and analyzing samples. Even with this assumption,

coefficients within the model will not be constants. Full

float and sink tests are rarely conducted because they are

costly and must be performed at an outside laboratory. The

Martiki laboratory is capable only of performing proximate
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and ilt imate chemical analyses at three specific qravities:

1.45, 1.50, and 1.55. While results of thoso analys's

provide theorotical results for washing coal at tht, test

s[,'cii c qravty, the relationship b etwete n th(,s.q res Its and

res, t s at other specific gravities is nonlini ai and les,

as doos quality, from -2am to seam and within seams.

It must also be assumed that the most recent analysis

results are representative of a current delivery. This

assumlption is necessary since samples are normally taken

from delivery trucks instead of ahead of the shovel or

draul ine at the mine face, and two days are required to

i, i' coal h 1 ld n11 and Ik, aa r ti- n cl i 1 ol

ident ie-d in the problem statement may be separated into

two rt,) atou decisions: the tonnage to accept from each

souL-',, and th, specific gravity at which to prepare the

I I I, i . The dc is ion 'a rI - I151 -I ] !oS r a! st Ihe

reI at o and quanti f iabl e. The obvious choice cf decision

a .. ai], for this model would he to let x be the tons of

coal from source i prepared at speci f ic q ra'ity j Pits

wi I I h, associated with i I to 10, stockpiles with i = 11

to 20, and coal already prepared with i : 21. This last

. .. . . . . . . . ~. . . .. . . - -. . . .i'
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variable is necessary to accommodate the dynamic three-staqe.,

nature of the Martiki infrastructure shown in Figure 1.

This inflexible desiqn allows no room for error. Once

ROM coal is unloaded into the crusher chute, it wi, I he

output either as clean coal or as washloss. Th, re are no

blending compartments within the, silos so coal from the

crushed coal silo is prepared in first-in first-out (FIFO)

order and eventually shipped in FIFO order from the clean

coal silo. Shipment of clean coal is treated as stage i.

Any coal remaining in the clean coal silo after loading a

unit-train will be the first coal to be shipped on the next

train. It must therefore be incorporated into any stage 2

ac l ,.Liations, wher - val 2 is a. , t ion co *,,! c'); I

in the crushed coal silo. Coal remaining after tne stage 2

shipment is complete must in turn be incorporated into tne

stage 3 calculations, wh,,re stage 3 is the preparation of

ROM coal delivered to the crusher chute. This three-stage

treatment is necessary for mcdeI ine purposes; operations are.

actually (occurrinq simultaneousl' .

While the preparation plant is capable of adjustina it:-

washing gravity almost instantaneously, coal can be prepared

only at one gravity at a time. The throe-staqe treatment

allows coal preparation at two spo)cific uravities: one for

stage 2 and one for stage 3. Tonnage [recessed is

• . . ." .£ . - < - . .. '. . . -- .: . .. - -- [ "..- .. .--.. . .-- "., . .:. - ' - t . - . -' " ' . .. ".-' .. L' ,
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continuously monitored so a changq of- gravitie. at rf,

completion of stage 2 is realistic and represents -n

improvement over the current proCe rue, of maintaini ng a.

con.t int specific gravity ar I i shift.

This onc s peci fic (Iravity aty a ti Im- m .. stri ctiol .]s.

ore-,sent prob Ims f()r model f ormu I at ion howv r. Thi

srecci: ic (rav ty, , can take on 2() va tlues ranqi n; from 1 .41

to i.60. With 20 sources of coal available for preparing

and 20 possible spicific qraviti.es, 400 primary decision

variables are neecitd. An Apple II s memory is nct adequate

for performing cal,-ulations or an array this larq..( or

inc 1 dinu addr1tia I, I t i oOut i 1nt ' ':I r i , . i I t

be addesi i n to' next chapter. 1( 1 ~ ' 1c 1i cr T

1,, o)ectiv( f unction and con strai. it ,snts' 11 at i I

, in terms e) x.

Obhjective Function

Lettinq .- the pcnaew: s

associated wito preparing coal from sourc- i at atpocif ic

gravity j, the objective of minimizinc wash loss ir., be

expressed as a function of the decision variables by

MIN 1c..x.. for i I to 21 and ]E(1 ,2,..., 20),

" .< - "~i "1 ] - " .-" i ( --



wiir 1'. A)i V 'i v. ionfi rts a>

r a d1 y Vi v i I a blI f romr sam ti. Lii a1 ~s i res ulIts. An

:I Io fI ' Ott ]Ct k' un r ' 111-1t !1nI:K jIli I xos vie l thu_

''02 ~ 11 Fs. II in l 1 1 (1 was's7 e1 u n

SI-c C x for: I and (I E 12,.. 2 0)

C ons5t r aint s

Thecrec ar' three types 01 restrictions on the values

deci sion variables riay be ass itjnsi. LVachl source will nave

anu tpo r (bho and l ower I b) 1 mi t bae or, the expectd

del i r,,t or tockil- S3i a e Cim i ni' Ix onI01

hi * K X . hil for I 1,2 .. , 1 3r jEl , 2, . . ,2l).

where 1h1i DUr x Si nce tlii 'ar3 a-eIs cons.tant21 21 21,

Two (:,Ipac-i tv -()n--traj nt-c ,xist. The first is- tor , v11-ir

capci n .As r 1dridtho plt-a rationl Plant has -I

tna ri aisni 1>'oT 1 ,2(00 t olls per hour. Withl two

01 Itt-fl.I rhi f s pe rat in( ' t 11 Ippe r lIt n t onl 1)1 :.nt -

produIct ill is 19,200) tonls ol' PO(1 coal 1. T It constrai nt Ila",
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Success lit this test 1 fl pha 5o, Iivi t-t S upporift of top and

operating management. Both gjroups were i nvolvedl in the

11iit IalI f orill i, at jar. 1( S( s o icuqn i < to prhl emP at

v"xessx walsh I it- Vt r 1 b1t, si t 1aI e'r Orp ail an a1ccer. f

' ii r"Itv ) t h 14 (d-,I ormu IAtior. vrfr 1n1(_ish

-I iiis Uo, wri 1' cost tv, is - com fie I I I

As 1(jr I~S i-11, ifnt sitt of 0 the ca sent dieci sion mnak-r

is a dequa te f or meet ingj con trac t q uaI Ity s pec if icat ions , thle

'erceived risk atf adopt ing a new procedure does not outweigh

t1t1(0 potentially significant benetits. The loss (A a

contract ay re, the only situation ca; able of mat ivat ing anr

ltl I n lt lt ()I- the sta tus quo. Ab ' Jr~tSr 1c, a lust

,(cast th it i n trOuqht_ to I iqiit - ii- _ eniphatical 11

of a I oeo ra t ine p aVa c on ce-r ned_ . flawever, the
unMIcOS-ary dail-, losses,, that can so oasily escape_
the opt, ri t or -It tenti on unls ow,- Sp n td out
factual 1.. can be oveni mare cot1to t he
operator (Leonard and Mitchell 1968)

That this ml'odel1 may never uincomp)< et- a(cePt anCe, MI-

bie attributed to V etalil1 1 otl sniyt to idcnt i v a-

"shark" in the orain izat ion, someone "hiohi v motivated to

rise- in the hijera rche, by any moeans, nces sary ' (Woolso'; and

Swa nso5n I (J7) '['he means nec'sz;al-e n this case are the

w i 1 ingne(,ss t o imtiiple ment a moidel t ha t h as n)o t s olId it se If
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REPORT DATE: 01-28-85

FULL SCENARIO

STAGE I STAGE 2 STAGE 3
CLEAN RAW ROM

CIRACI: DETROIT ED MONONGAHLA CAROLINA P
REQUI1RED:,. suLFUR l.i 1.05 1.2

SULFUR DE .1 .1 .I
",ASH 12.8 12.6 13.2
' MOISTURE 13.3 13.1 13.5
6TU 12050 12500 12000
BTU DB 250 500 150
TONS 10000 10000 10000

TONNAGE;
SILO/ROM 12500 15000 30000
WASH LOSS 4500 8100
EXCESS 2500 3000 14900
SHORTAGE

QUALIT,.
7. SULUR 1.02 1.14115385 1.20170528
% ASH 11.38 11.2346154 11.907785
% MOISTURE 10.62 12.4615385 13.1989805
BTU 12579 12070.9615 11876.6219

WASH GRAVITY 1.57 1.59
/, LOSS 30 27

ROM SOURCES
PIT'PILE ROM TONS 7. LOSS CLEAN TONS

MARY F#2 5000 27 3650
TAYLORBROS 5000 27 3650
AMBER 5000 27 3650
BLAZER 2650 27 1934.5
TRIPLE 'B' 2000 27 1460
CBRGICBRG2 2000 27 1460
CBRG3C8RG4 2000 27 1460
CBRG 2/3/4 2000 27 1460
CBRG 3/4 2000 27 1460
STOCKTON 2000 27 146C
BLAZER 100 27 73
STOCKTON 250 27 182.5

F, i (j r -e 4

Sa III[) I Cpor t

N. - .- , -..

& -- . ".- " ....- , .,- -, - --- A_- .ZL . . ... .. .', - ,.-,,,-A" ,. .. . ,-" . .. " . . . . .- ". .. - "
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provided with suq wstions for obtaining a stage 3 solution.

This suggestion normally entails allowing more flexibility

in the coal selection decision by raising or lowering a

limit as appropriate.

When the prog ram f inds sol ut i onus a I I ata Ics , tnhe

report in Figure 4 is generated. This s5] f-:xplanatory

report lists the results of calculations at ,-ach stage.

Contract quality specifications are listed in the upper

section, blend and preparation quality values, with shortage

or excess conditions accounted for, and specific gravities

are listed in the middle section, and the lower section

lists ROM coal selection values. This report format is used

n I s c. .. 

g enerate this report are also stored in a data file. More ,

co~ loS 01 t Ii re[or t nay b, gena t ;v i - nning the hEPOi 1

program.

Impl ementat ion

H i]lir iln( I.ioberman Il67) su67,,st t.hat when test- i n

a model it is "sometimes useful to continuo the status quo"

so that comparisons may' be made between current procedures

and output from the model. Martiki is currently undergoiinw

this testing phase of implementation with an operator

trained on the use of the software package. The likelihood

of the model s eventual acceptance is a tunction o1 the
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optirilum solution in terms of the objectivo ot reducing wa.. s

loss. As with stage 1, calculations ar, then performed

which identify an rxcess or shortage tonnage, condition to

input to stage 3.

Stage 3 calculations are performed to simultaneously

identify an optimum ROM coal selection blend and specific

gravity at which to prepare the blend. Subject to the

selection limits specified by the user, iterations search

downward from another user input suggested starting specific

gravity until the first solution is found. As with the

stage 2 iterations., the first specific gravity capable of

n,-,,ting the stage 3 contract specifications, given an

I . a I I a d t'I ) I I d , 1 t i . I at I n 1>

terms of the objective of minimizing wash loss.

The user is cautioned that if the program,'s solution to

the stage 2 or 3 specific gravity decision is i.dentical to

the suggested starting specific gravity input for that

stage, then it is possible that a higher specific gravit"

wll yield an improved solution. III e, t nor casc th- P 1..'.

program should be run again with a higher startina specif ic

gravity suggested for the appropriate staqe. If no solution

is found at stage 2, the program stops and notifies the

user. if no solution is found at stage 3, the user is

notified of the stage 2 specific gravity solution and



T-2982 4()

[f more tons are avai able than are needed, tho e xcess is

assigned to x21  and input to the stage 2 calculations. It

not enough tons arc availabl , to meet the first contract,

stage 2 calculations must m ,(.t this shortage in terms of

both tonnage and quality.

Stage 2 calculations are, performed to identify the

optimum specific gravity for washing the crushed coal silo

contents. An adaption of Nevison's 1982 Simplex program

performs the Tucker Tableau LP algorithm iteratively. The

iterations search downward frcm a user input starting

specific gravity until the first solution is found. At each

iteration new quality and wash loss coefficients ar, read.-

current spocific qravity under consideration. This

1t'rativet tproceduru was necessary to accommodate- the

strictly linear nature of the model. With a nonlinear or.

mixed integer linear formulation, these iterations would not

be necessarv, but the external constraint of solution by an

, I I .-r Vrlt'd such "sopilist Ication.

There is no coal selection decision involved ait sta,l, 2

since the crushed coal silo contents are fixed. Iterations

continue until a solution is found, if one exists. It is

intuitively obvious that the first specific gravity capable

of meeting the stage 2 contract specifications is the
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included in gravity tables. Silo contonts are ident ifie d by

tonnage and quality. Contract specifications are dictated,

and the order in which to consider contracts is listed. if

a solution exists under these conditions, the BLEND proaram

will identify the optimum specific gravity at which to

prepare the crushed coal, stage 2, and the optimum tonnage

of ROM coal to accept from each source and the optimum

specific gravity at which to prepare the resulting blend,

stage 3.

The BLEND Program

BLEND accepts the conditions established dy DATA and

AUTO and performs up to three stages of calculations. A A-

,,n L .i pls a'.d at thL b ,. 'i i ii . .... ,:

allows the user to specify the scenario to a I , a t e. The

usual selection will be a complete three-stage scenario. If

both silos are empty, the user selects the empty silo

scenario allowing the program to begin with staqe 3

calculations. On the rare occasion in whicii a7 raw coal

blend is possible, the user selects the raw iend scenario

allowing the program to perform modified (no prparation)

stage 3 calculations. A listing of the BLEND p'roqram is

provided in Appendix C.

The stage I calculations compare the contents of the

clean coal silo with the first contract under consideration.
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corresponding to a specific gravity. As mentioned earlier,

analysis results are normally available for only one

specific gravity, providing six "pieces" of data. At the

user's suggestion, another data entry program was written to

automatically complete the remainder of the gravity tabl,.."

The AUTO Program

AUTO is a curve fitting (piecewise linear) program that

calculates quality parameters for a complete gravity table

based on available analysis results for a source. If only

one analysis is available, the user must input estimated

increments for a linear relationship. With two analyses,

increments are calculated internally for a linear

i-lationu;hi . Threk, anals,s yield a pI,'cewis, I iual .

At th. end oftr AUTe O program, the user is _mncuuriq-,d to

return to DATA and to review the tables created by AUTO.

User input increments that would yield unrealistic quality

values are not allcwed. While appearing crude on the

surface, AUTO is completely rpresentati v of the curront

thought process requi red of laboratory personnel , the

intended users.

Together, AUTO and DATA establish the conditions of the

scenario under consideration. Names identify pits,

stockpiles, and contracts. Theoretical washing results for

quality parameters at each possible specific gravity a-,,

.........................-.............



P-2 982 37

stockpile gravity tables, contract specifications, clean and

crushed coal silo contents, upper and lower limits for ROM

coal selection, and an ordering of the contracts to consider

at each stage. The user reviews and edits these data files

by first selectinq the appropriate menu option. Displas

are then presented in a format similar to current hard copy

Martiki reporting formats. Self-explanatory prompts that

guide the user through the editing process appear at the

same place on the screen for each display. Data entries may

be changed individually, by row, or by column at the user's

discretion.

Ranging checks are performed as all data are entered to

'1 '.nIt ob)ViOU% c.i r-or-.. Inl tL ca .oi ] Kt iQI< 01 SuCt lunI, ,Oh~~iOUS II-t,~()1

user is notified if a maximum entry is less than a minimum.

In the crushed coal silo section, the iser is notified of

total tonnage input to ensure that sokr-cc, tonnage.

specifications have been entered accurately. A complete

explanation of the DATA program is provided in Appendix B,

The U,,r s Manual, w ,-re sampl,, dispi-v>; and all prompts are

explained to the us(,r.

From the user's point of view, entering 120 "pieces" of

data into each of the 20 gravity tables is the most time

consuming aspect of DATA. A gravity table represents the

results of a complete float and sink analysis, with each row

. ".°..-

.°.. .. '
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Figure 3

Symbolic Tucker Tableau



of maintaining a basis. A symbolic Tucker Tableau from

Nevison (1982) is illustrated in Figure 3.

The Tucker Tableau requires all constraints in less

than or equal to form, with negative right hand sides

allowed. Gaver and Thompson (1973) outline th- six steps of

the algorithm as follows:

1. Set up the initial tableau and the indicator

variE',4es.

2. Find a pivot column by looking for negative

indicators. If there are none, stop, a solution has been

found.

3 . Pivot as with the simplex procedure.

4 . , 1 ( , ,1 0: 7 11 U ,. , - : ,

column of the pivot matrix.

5. Exchange toe pivot row and column indicators.

6. Go to step 2.

The coefficients that constitute the initial tableau are

stored in random-access data files updated by the user with

the DATA program.

The DATA Program

Coding a customized data entry program for Martiki was

the most time consuming aspect of this study. DATA

maintains 10 random-access files that contain pit,

stockpile, and contract names, complete 20 row pit and

2 -
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CHAPTER IV

THE PROGRAMS AND THEIR IMPLEMENTATION

With a problem statement formulated andi mathematical"

model constructed, a solution technique must i)v chosen.

Given the external constraint of solution on an Apple II and

the nature of the model 's analytical requiriments, the

obvious choice is linear programming (LPW. As formulated,

the proportionality, additivity, divisibility, and certainty

assumptions of LP are all satisfied. The choice et an LP

algorithm is not as obvious.

The LP Al oritn.

expressed in matrix form, 21 coluiuns b 4 rows, tne
--

standard simplex algorithm would no coinputat-ionally -

inefficient on an Apple II. The Tucker, or condensed,

Tableau algorithm represents an efficient alternative in

terms of both data storage requirements and proqramming

s i-'Ip I i city . The Tucker Table au is (c : 120 to sOl V

maximization formulations without requirinq the addition of

slack or artificial variables. This eliminates the

requirement to store and manipulate coefficients for 70

additional "dummy" variables. This is accomplished by

updating indicator variables borderinq the tableau instead



,. - T -29]82 .

T -' 2_.8

WITH jE(1,2, ... ,20) ,IE(1,2 ,...,10), and c21, 0

MIN Ic x . for i Ito 2]

ST x. < bu. for all i

xi > bli  for all i

Ix. < 19,200 for i I to 26
1]

5.x< 6,000 for i = 11 to 20

5.(l-ci )qijkX.. < 5.(1-c qk for i 1 1 to 21

and k = (1,2,3)

5(-ci ijkXij 5(-c ij)qklxij for i = I to 21

and k = 4

WHERE: x.-tons of coal from source i prepared at specific

g r,-1\,i tv '

U, -decimal tr-m atI percent wash loss associat2d wit i

,rc II-inc , roa1 f rom sourc(, 1 at specific -ravit)

bli-source i delivery or stockpile lower limit

bui-source i delivery or stockpile upper limit

qik- analysis result for quality parameter k from

source i tosted at specific , ray tv

qkI-quality parameter k as specified by contract I

Figure 2

Tne Model Formulation

i$ . . . . .:.. . . . . . . . . .
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distinction between preparation phases with .,xcess tonnag)(

from preceding stages incorporated into calculations. The

complete model formulation i.s shown in Figur, 2. A solution

to this model will meet contract quiality r-quiroments, will

not violate plant or rehandling capacitis, wil l assign

values to the coal selection decision variables within

limits specified by the decision maker, and wil 1 be optimum

in terms of minimum wash loss or maximum yield. Derivation

of a solution to the Martiki coal blending and preparation

6 problem will now be discussed.

.o

° .. . . . .
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". x 11,200 for i I to 20 ,ind JE( 1,2... 20)

The second capacity constraint is for rehandling, or merino

tons cf stockpiled coal to the crusher chute. The upper

limit on rehandling capacity is currently h,000 tons of ROM

coal. This constraint may o expressed as

Ix. < 6,000 for i : 11 to 20 ancl jE( 1,2,... ,20).

The last type of constraint deals with the contract

quality specifications. Only one contract is considered at

a time, so lE(l,2, .. ,l0). letting k = I correspond to

sulfur, k = 2 to ash, k = 3 to moisture, and k = 4 to Btu,

the qualit': constraints may nexpressed as

I" Wci j)qijkx.. r I(]-ci- )(Ik]x for i t c 21

E(] ,2 ,... ,20 , kE(],2,3), and ,2 ... . , I )

and

5(1-cij1g. X > 1(1-c.j)qk1 xb for 1 : ) to 21,

jE(1 ,2, ... ,20), k : 4, and lE(] 2, . )

wh' qi jk is the analvsis (sult f)- 1ual i tN 1arameter k

prom source i testea at specific qrav ,t y, and k is

quality parameter k as specified by contract I , with any

deadband added or subtracted as applicable.

As constructed, the model is a valid reiresontationl ot

the problem. The three-stage treatment I lows f o a

...................•......................,.......-..-v...-......-.{............<.-....
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and th, i t ,s i i t adopt two ap l ,rtnt I y unacceptablec features

accompinv iny the model

I. Thr necessity to obtain improved forecasts on

x wt,,d d,i i i % de 1 i veries f rom each source.

2. 'Elh n(essity to exercise control over these

deliveries by distributing them either to the crusher or to

a stockpi Ie.

Without model implementation this study may still claim

limited success, however, since Martiki has adopted

recommendations to segregate stockpiles and consider raw

coal blending when possible.

6

6[
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Clj/i1}THR V

SUMMARY AND RECOMMEN)ATIONS FOP FORTHER STUDY

Summary

The coal producer who suppl ies stoiam coIl for powcr

generation is faced with the dilemma ot operating profitably

while ensuring that coal supplied is reasonably uniform and

meets several quality characteristics. Failure to meet

these quality requirements results in the loss of a

long-term mutually beneficial contract. In an effort to

prevent this from occurring, raw coal olending and

preparation is conducted. With gravity concentration

methods of preparation, the primary :ontr l xi'e the

process are th selection of iPk0M C)% t() I P ,,L,, thi

specific gravity at which to ,as[. i- -< ,:: : nd.

Sample analyses conducted under ASTM standards provide the

decision maker with theoretical washing results for

preparing coal at a test specific gravity. llnless a

site-specific model has been formulated, th,, deci on maker

must rely on intuition, an inadequate tool for considerin

the infinite number of quality, tonnage, and specifie

* gravity combinations possible.

A review of the literature has reveal(] that previous

coal blending models and submodels have been 1(9rmulated for

0
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the large-scale producer with a corporate mainframe computer

available. This luxury has allowed the modeler to adopt

sophisticated" analysis techniques capable of considering

nonlinear revenue functions and washing results. Most of

the authors have admitted that modeling blending and

preparation was the most difficult aspect of their

formulation, which would account for their failure to

consider a full range of gravities.

The purpose of this study was to formulate a coal

blending and preparation model for the Martiki Coal mine in

Lovely, Kentucky, capable of being solved on an Apple II

microcomputer, which would aid the decision maker by

I d, r . t .f' t-h( opt iliW, tonnaqe, to accept t -or .,c' sourc.

and specific gravity at which to wash the resulting blend in

order to ninimize wash loss. Wash loss minimization was

chosen as the objective function because overpreparation

caused Martiki to experience a 35.19 percent wash loss in

1984. Each percentage reduction of this wash loss would

0
have decreased disposal costs and increased revenues by

approximately $550,700.

The model formulated in this study, at the insistence

of Martiki management, evaluates the coal blendinq and

preparation problem as a function of what has already been

mined, a suboptima1 condition. The model treats the Mart i ki

0-:
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preparation process as a dynamic three-stage process because

of the inflexible design of the infrastructure. Once coal

is input to the preparation process it is output in FIFO

order as either clean compliant coal or noncompliant wash

loss.

A Tucker Tableau LP algorithm was chosen as the

solution technique because of its computational efficiency

in terms of memory requirements and programming simplicity.

Coefficients for initial tableaus are read from data files

created by the user with the DATA and AUTO programs. The

BLEND program performs three stages of calculations when the

complete scenario is chosen by the user. Iterations of the

['u kr Tahleau. LP a] qori thin ac perfori,'< t()1- st al !,! 2 a1i

which search downward from a user-input sugqested starting

specific gravity until a solution, the optimum, is found. i\

report generated at the completion of the program lists

contract quality specifications and resulting prepared coal

quality values for the three stages, specific gravities to

prepare the stage 2 and 3 coal blends at, and R{OM tonnage to

accept from up to 20 sources.

The model is currently in a testing phase of

implementation. It appears unlikely, however, that the

model will gain complete acceptance until a contract is lost

under the current decision-making procedure.

. ... .

.. ... .. ....... ..........-.. . . . -... . --.. ..... -. ". .... ..-.-. --.. '-. -. - --..... ''
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Recommendations for Further Study

If or when the model is accepted there are several

extensions that may be adopted. The first possible

extension would be to add a sensitivity analysis report to

the current model. The data needed to generate this report

are already available from the Tucker Tableau solution. Its

inclusion in the existing report would have been

nonsensical, however, since preparation plant personnel have

no control over either quality or tonnage delivered.

A second extension would require Martiki's management

to alter the preparation plant's interrelationship with

other organizational areas and obtain costs for all

functional ai ,as. '\1 all encoml)assirn ,roid wI t!, a IW It

maximization objective, similar to Gershon's MSO, could thcon

be developed. Ultimate pit, production scheduling, sp ecific

gravity, and transportation problems would be optimized

simultaneously with a model of this nature.

A third extension would be to fotmulate a model that

blends output trom Martiki with that from Pontiki , a site

mine. While this would require considerable logistics

planning, one potential benefit is the possibility that the

need to prepare Martiki coal may be eliminated.
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Appendix A

TYE TKAT, SAMPLE ANALYSES
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Chalt.r t 1]

Option 4
Edit Stockpile Gravity Table s

When menu option 4 is selected, you will se
the display in Figure 2.2 except the the title
will be PILES AVAILABLE FOR GRAVITY DISPLAY, and
the prompt will be ENTER THE PILE # FOR TABLE TO
EXAMINE **. Type a number between I and 10
corresponding to the stockpile whose float and
sink gravity table you want to examine. Press
RETURN. You will then see the display in Figure
2.3, with the current quality values for the
stockpile you have selected. The stockpile name
will be in the upper right hand corner.

F IT!jom t~ IeT 5-

option -
}'i eH ntr-act o',ci: mr ei<)ns --

Wh,,n menu option 5 is selected, you will see
th. iislay in Figure 2.3 except that the title
wi 1 J be ENTER/REVIEW/CHANGE CONTRACT DATA. Thi s
phase 01 DATA allows you to name up to 10
contracts, and set the quality specifications for
aI. Each nam, can be up to I0 characters Ionq,
Irn ,n', ch ait e-s may bne used. ,a1e,> ,1 -eaycv in

' " W I i), ( -( 1 , 1 1 ay d

[denti cal to promiipts 2-4. When no more,
"eont ra'st nanmes art,  to he chanql'd, yoil wil ] 1 ,_,'

Ie~flt . "

b .. . i > .
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Chapter 2 10

13. WHAT COLUMN? (1-6) *
Type a number between i and 6 corresponding to thu,
column with the value(s) you want to change.

14. CHANGE ANOTHER COLUMN? (Y/N) *
Type Y or y if you want to chanqe the values Ior
another column.
Type N or n if you want to examine another table
or return to the menu display.

Opt ion 3
Name Stockpiles

When menu option 3 is selected, you wi I I see
the display in Figure 2.2 except that the title
will be ENTER/REVIEW/CHANGE PILE NAMES. Th i
phis(, of DATA allows you to name up to 10
st Ck i 1 es . Each name can be up to 10 ehi ,is

Pr omt s 

".1 5. NAME STOCKPI IS WITPIT NAMES *
Type Y or y if you want the stockpile names to
match the pit names. If you have separate
stockpiles for each pit, this is a good way to
identi f'e t hem.
Tvpo 'K' or 11 if c()i War1t t() 11-'. thi <0( , 5 10: ;
differe'nt nam,:.iithir ollm.ts wil I , i,,lit Ic lI to
[)rompts 2-4.

:,. i.,.~ - l.-.......-....
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Chapter 2 9

8. CHANGE DOWN COLUMN? (Y/N) *
Type Y or y if you want to change values a column
at a time.
Type N or n if you are through making changes or
want to go back to one of the other methods of
changing values.

9. ANY MORE CHANGES? (Y/N) *
Type Y or y if you want to change any more values
for the displayed pit. You will then see prompts
6-8 again until you select a method for changing
values.
Type N or n if you are through making changes to
the displayed pit's values.

10. EXAMINE ANOTHER TABLE? (Y/N) *
Type Y or y if you want to review the data for
another pit. You will then see Figure 2.2 aqain
and o, asked to enter a new pit .

;"[ . (0)t n i' ,ou are throuqh ,ikin chan, tou
, it ur y ruot atls. This will return you ro the
menuJ display.

11. WHIA, SPECIFIC GRAVITY? *
Ty a, 1i number between 1.41 and 1.60, the specific
qravltv of th, row with the value1(s) you want to
change . The value(s) will be i eplaced with *'s.

Type the new value over the * s, then press
IPETPN.

'H}j1 N(;' ANOT' ,P HOW?' ( Y \ *

Tl[ Y ot y if you want to (chanq,' , \* vi as I or
anoth-, spocit 1( q ra vity.
'T"pe N )r n it you want to start bhnyinq by
,l() uimnF, examine, another ta)bl, i tt ,urn to the'
[mTn I di s lay
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** ** Type the new name over the * 's and
press RETURN when finished. You do not have to
use all 10 spaces. If you make a mistake while
typing the new name, the left arrow (<--) or
delete (DEL) keys will backspace, or the CONTROL
and X keys pressed simultaneously will restart the
entry.

4. ENTER OR CHANGE ANOTHER? (Y/N) *

Type Y or y if you want to change another name.
This will return you to prompt #3.
Type N or n if you are through changing names.
This will return you to the menu display.

Option 2
Edit Pit Gravity Tables

When option 2 is selected, you wi i s-e th..
d~ i-; Ia % i rF iujr e 2 .2 cexcerT t that tw t +I T
be P1 ITS AVAILABLE FOR GRAVITY 1)1 SPLAY , and l Y,
prompt will be ENTER PIT # FOR TABI,E TO EXAMINE

Type a number between I and 10, o a, en"
to the pit whose float and sink gra\,ity table vou
want to examine. Press RETURN. You will then see'
the display in Figure 2.3, with the curront
quality values for the pit you have selected. The
pit name will be in the upper right hand corner.

P r-aoflt s

5. DO YOU WANT TO CHANGE ANY VAI,UES? *
Typ, Y or y after reviewing the current data 11
you want to change any values.
Type N or n if you are satisfied with the curent
data. Your next prompt wi I I be prompt i 10.
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Figure 2.2 .
Names Display ".-

2. DO YOU WANT TO CHANGE ANY NAMES? *

Type Y or y after reviewing existing names, if \ou
want to change any.

Type N or n if you do not want to change any -
names. This will return you to the menu display.•

3. ENTER NUMBER OF NAME TO CHANGE **

Type a number between 1 and 10 corresponding to
the name you waint to change. Press RETURN. The
name you want to change will he replaced by-

. ..

--.-'-.- .~~~~ N-AME :*-." .". " .- -". ." -" ...--., -- , - " ''.. '' ."i '- .i .% . ' " . -- ." .-.. .
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Chapter 2 5

Figure 2.1".'-DATA Menu Display

Option 1 "'Name Pits 

When menu option I is selected, you will see,
the display in Figure 2.2. This phase of DATA -"
allows you to enter, review, or change up to 10 -]i.

pit names. Each name can be up to 10 characters
long, and any characters may be used. If names-.
are already in memory, they will be displayed..'-
Names chosen should be unique and have some
relationship to the pit they identify so that
others will recognize them later. ..

2 EDT PI GRAITY ABLE3 NAM STOCPILE
4 EDITSTOCKILE GAVITYTABLE

-~ ~~~~ ~~ .EDIT... - .-. C--..NTR-ACT,-- - SPEC. IFICAT- IONS<-- .-... - - •-° < .• -. .
6 EDI RAW COA SIL CONTENTS
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CHAPTER 2
THE DATA PROGRAM

Purpose

The DATA program is the most important phase
of the package. Without accurate and current
data, any solution that the BLEND program gives
will be of no use. DATA allows the user to review
and update all of the data needed by BLEND. Pit,
stockpile and contract names, float and sink
gravity tables and contract specifications are
examples of the type of data manipulated with
DATA.

The DATA Entry Menu

Once DOS 3.3 is booted, the System Master
disk can be removed. Select the disk labeled
DATA, insert it into drive 1, and close the door.
Typ.

]RV;N DATA
then press RETURN. The IN USE lamp should light,
and a ftir a few seconds; you wi I 1 see the display
in Figure 2.1. This is the menu display which you
will see throughout the program. You have 10
options available which will each be explained in
the following sections.

Pr ompt

1. WHAT MENU OPITION i)O YOU WANT? **

Type a number between I and 10 corresponding to
the option you want to select. if you make a
mistake while typing, use the left arrow (<--) or
delete (DEL) key to backspace. Press RETURN when
finished.

. . .. .
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DO VESO 3. 8/58

Figure 1.1
Start-up Display
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Chapter] 2

designed to be as similar to current Martiki
report formats as possible. Questions that
require responses, called prompts, are always
located at the bottom of the screen. Prompts are
self-explanatory and simple checks are made on
numeric responses to ensure that they are within
range. If you type a character that is not
allowed, you wi]l hear a bell. Pressing RETURN is
not necessary for (Y/N) responses.

Getting Started

With the Apple II set up properly (consult
owner's manual), turn on the monitor. Select the
disk labeled DOS 3.3 System Master, insert it into
drive 1, close the door, and turn on the power
switch for the Apple II. You should hear a beep
from inside the Apple 11 and see the display in
Fi qure 1 . I. The flashinq square on the screen is
the cursor, which marks where the next character
you type will appear. The square bracket (]) is
the Applesoft prompt. If the only message on the
screen is Apple J[ and the disk is whirring with
the IN USE lamp lit, you have either inserted the
wrong disk, or have inserted the System Master
upside down. Turn off the console and repeat
these procedures.

. . . . .
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CHAPTER 1
INTRODUCTITON

Purpose

The Martikj Coal Blending software package is
a set of customized Applesoft programs designed to
be used by Martiki Coal Corporation preparation
plant and laboratory personnel as an aid in making
the daily specific gravity and tonnage decision.
This manual may be used as both a handy reference
for operators trained on the use of the package,
or as a tutorial for future operators.

Organization

This manual presents material in the same
sequence that it will be encountered when running
the programs. Chapter 2 covers the DATA program,
Chapter 3 covers the AUTO program, and Chapter 4
covers h, BI, LNI) program. Chapter %rsent
methods of configuring the data so that othoi
variations may be evaluated. Figures in each
chapter represent the various monitor displays.
Accompanying each figure is a list of the prompts
that can be encountered and an explanation of the
responses expected. At the end of each chapter is
a section on error handling. While the programs
have error trapping routines built in, not every
error can be handled within a program.

General

The package has been written for any Apple II
series computer with 128k of memory that can be
booted with DOS .3.3. A terminal, monitor,
printer, and two disk drives are needed. No
knowledge of programming is necessary to run these
programs. The displays and output have been

.. . . . . . . . . . . .



T-2982

LIST OF FIGURES

Figure Page
1.1 Start-up Display ..... .......... 3
2.1 DATA Menu Display .... ......... 5
2.2 Names Display 6...........6
2.3 Gravity Tables Display ... ....... 8
2.4 Contract Specifications Display 13
2.5 Raw Coal Silo Display . ....... 14
2.6 Clean Coal Silo Display . ...... 16
2.7 Coal Destinations Display ..... 18
2.8 Coal Selection Display ... ....... 19

0 2.9 End of DATA Display . ........ 20
3.1 AUTO Menu Display .. ......... 23
3.2 Auto Method Display .... ........ 25
4.1 BLEND Menu Display .. ......... 27
4.2 BLEND in Progress Display ..... 30
4.3 Sample Report ..... ........... 12

iv



Option 10 Quit............0
Error Handling............21

3. THE AUTO PROGRAM............................
The AUTO Menu . . . . . . . . . . .2

Prompts.................................
Auto Options...............4

4.. THE BLEND PROGRAM...........26
Purpose................26
The BLEND Scenario Menu.........6

Prompt................6
Scenarios.............27
Date Entry...............8
Starting Specific Gravities . .. 28
Prompts..............29

BLEND While Calculating.......29
*The BLEND Report...........31

No BLEND Solution...........33
Error Handling............34

5. VARIATIONS ON USE...........36



0

T-2 982

TABLE OF CONTENTS

1Page,

LIST O1 FIGURES . . . . . . . . . . . . . . . .
CUAPTER

1. INTRODUCTION .... ..............
Purpose . . . . . . . . . . . . . .
Organization .... .............
General ..... ...............
Getting Started ..... .......... 2

2. THE DATA PROGPAM ..... ........... 4
Purpose ....... .............. 4
The DATA Entry Menu .... ........ 4

Prompt ....... .............. 4
Option I Name Pits ... ........ 5

Prompts ...... ............. 6
Option 2 Edit Pit Gravity Tables 7

Prompts . . . . . . . . . . . . . 7
Option 3 Name Stockpi I es. ......... I()

opt iun 4 Eddit Stockpile Gravity
Tables ..... ............... 1
Prompts . . . . . . . . . . . . . I

Option 5 Edit Contract
Specifications ... .......... 11
Prompts .... ............. .11

Option 6 Edit Raw Coal Silo
Contents ...... ............. 13
Prompts ...... ............. 14

Option 7 Edit Clean Coal Silo
* Contents ..... ............. 

Prompts ...... ............. 1 6
Option 8 Edit Coal Destinations 17

Prompts ...... ............. 17
Option 9 Edit Coal Selection

Options ...... ............. 18
• Prompt ..... ............. 19

ii

0

0



TV-

Chapter 2 12

16. ENTER # OF CONTRACT TO EXAMINE **

Type a number between 1 and 10 correspondingj to
the contract whose specifications you want to
examine. Press RETURN. You wil 1 ther s,, t 1,
display in Fiqure 2.4 with prompt #5.

*J 17. ENTER # OF VALUE TO CHANGE *

Type a number between 1 and 6 corresponding to the
row that the value you wart to change is in. if
you want to change all values you will have to
repeat this step each time. The next prompt will
be prompt #9.

18. EXAMINE ANOTHER CONTRACT? *
Type Y or y if you want to examine the
specifications for another contract.
Type N or n if you want to return to the menu
di sp1lay.

S

S

0"

S,
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Figure 2 4

Contract Specifications Display

Option 6
Edit Raw Coal Silo Contents

When menm option 6 is selected, you will s,,
the display in Figure 2.5, first for pits, and
then for stockpiles. This phase of DATA allows
you to list the tons for each pit and stockpile
that are in the raw coal silo.

, . . . o ..
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Raw CoalAGE SilRAW iCOAL[SIL

te o or o 6 you mSt n
9 NTMER:*E4O TO'PNST* UA(E

*~~~1 Type****** a ubrbten1ad1ToreS: ondngtRaw Coal Silo Disp la-y .

Prompts..-

The first prompt you will se is arompt
caolowed by promt p6. if you ty p Y . for
p)rompt #6, you will see prompt #19 next. if you
type N or n for prompt #6, you must chanqe, all
values..

19. ENTER T11E # FOR T~iE TONS TIO CliANGE *
Type a number between I and 10 corresp~ondin ql to-
the pit or stockpile whose tons you want to
change. The next prompt wil I be )romp t 49...
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20. ARE ALL VALUES CORRECT?*
Type Y or y if you are satisfied with all of the
changes you just made. This is a check at the end
of changing all values, so review what you have
just typed in.
Type N or n if you notice a mistake. The next
prompt will be prompt #6.

21. RAW TONS IN SILO TOTAL TO
IS THIS TOTAL CORRECT?*

Type Y or y if this total is correct and you want
to return to the menu display. The total is the
sum of pit and stockpile tons in the raw coal
silo.
Type N or n if this total is not correct. You
will have to repeat all steps of this phase again
to find the mistake.

Option
Edit Clean Coal Silo Contents

Nnfefl menu opt ion 7 i s selI ec ted, you wi I I see
the display in Figure 2.6. This phase of [DATA
allows you to list the quality characteristics and
tons in the clean coal silo.
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Figure 2.6 ".
Clean Coal Silo Display

Prom 6 TO

You will see prompt #5 first, followed by
prompt 46 if you type Y or y for prompt #5. Il
you type Y or y for prompt #6, you will see prompt
#22. If you type N or n, you will have to chanqe
all values, and then you will see prompt #20.

22. ENTER THE # OF THE VALUE TO CHANGE *

Type a number between I and 6 corresponding to the
row that the value you want to change is in.
After making the change, you will see prompt #9.

7 7 7 . .. ..-
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Option 8
Edit Coal Destinations

When menu option 8 is selected, you will see
the display in Figure 2.7. The 10 contract names
are listed again for your reference. This phase
of DATA allows you to set the destinations
(contract #) and tonnage for each of the 3 stages.

Prompts

You will see prompt #5 first, followed by
prompt #6 if you type Y or y for prompt #5. If
you type Y or y for prompt #6, you will see prompt
#23. If you type N or n, you will see prompt #24.

23. ENTER THE STAGE ROW # *

Type a number between I and 3 corresponding to the
row o- the stage whose valeI. o uu want to change,
then you will see prompt #25.

24. REPLACE WITH NEXT STAGES? *

Type Y or y if you want the contract # and tons
for stage 2 to replace those in stage 1, and the
contract # and tons for stage 3 to replace those
in stage 2. You will have to enter the new stage
3 values.
Type N or n if you want to change all values
yourself. After making the chanqes you will see
prompt 420.

25. IS THE VALUE A CONTRACT #? *

Type Y or y if the value you want to change is in
the contract # column.
Type N or n if the value you want to change is in
the tons column.
After making the change you will see prompt #9.

.. ii
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Coal Dsia
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ICEdit COALSe

Coal Destinations Display 

Option 9 ..
Edit Coal Selection Options

When menu option 9 is selected, you will s(,(,
the display in Figure 2.8, first for pits, and
then for stockpiles. This phase of DATA allows +['
you to list the minimum and maximum tons available".
from each of the pits and stockpiles. If no coal
is available for the current blend, make both the
minimum and maximum 0. If you want to force the
blend to have a certain amount of coal from one of
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I. NA U ****** MI:***MX:**

2 N

3 NAE**MN: A:

4 NAME* * MI: *£A:

Figure 2.82;'
Coal Selection Display ..

the sources, make both the minimum and maximum -,
that amount of tons."-

Prompt ..

The only prompt you will see is p~rompt #5. '"-.,

If you type Y or y you will h]ave to change all -['
values on the display. If you type N or n you
will go from the pit to the stockpile display, and
then return to the menu display.

.- . , _ .. .

.--~~~ ~~ NA E: *i, MIN . -i.-. .- ..-.- ,i ... : : *.. *. MAX -. :*, " ,. '. ,- .- ,- . °
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Option 10
Quit

When menu option 10 is selected, the program
will end after saving all changes you have made.

The display in Figure 2.9 will appear.

Figure 2.9
End of DATA Display

.....................................................

............................
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Error Handling

The following list of error messaq,,I and how
to handle them does not include every possible
error, only those that are most likely to be
encountered. For a more detailed list or
explanation, consult an Apple User's Manual.

1. MAX IS LESS THAN MIN IN ROW # **
This message will appear in the coal selection
phase (option 9) if you have entered values for a
pit or stockpile with the minimum value greater
than the maximum. DATA will return you to the
display so that you can correct thL error.

2. DISK DEFECTIVE OR DRIVE NOT READY!
CORRECT THE PROBLEM, THEN PRESS
THE RETURN KEY TO TRY AGAIN

Eith, r the disk drive door is open oi th, disk was .
not .nserted correctly. Remove the disk, rei'-sert
it and close the door. Press RETURN. If the
error message appears again, the disk is
defective. Try using another copy of DATA. You
may have to reboot the System Master disk first.

3. FILE NOT ON THIS DISK!
CORRECT THE PROBLEM, THEN PRESS
THE RETURN KEY TO TRY AGAIN

The wrong disk was inserted into the drive, or you
have typd the program name wrong. Check youl
spelling first. If that was not tnik problem,
remove the disk, insert the correct one, then
press RETURN.

4. FILE LOCKED!
A data file has been locked, preventing changes.
The file's name is * Type ]UNI,OCK "

then press RETURN. You will now have to rerun
DATA.
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Ii' E ALI) PROGRAM

The- AT'IH( proqyrm is a way of quickly
completinq i!ravity tables. This i s especially
convenient when the only data available is from a
1.50 laboratory analysis. You cannot review
gravity tables from AUTO, it is only designed to
take the data yop provide and complete entire
gravity tables. To review changes you have made
with AUTO, you should run DATA.

The AUTO Menu

AUTO is on thc same disk as DATA, so select
the disk labeled DATA, insert it into drive 1, and
close the door. Type

I RUN ALT"
th-en press 2 R N. Th(, IN USE lamp should light,

: , : .. , .: >; ,ou will s the displa,,
: .. 0 -. . Ttis is the menu display for AUTO. -

The top ha I f of the screen stays the same
t hrousojh I t ho ,nt i re program. You have f ive
options available which will be explained in the
following sections.

Prompts

26. WHAT A111(L ENTRY METHOD DO YOU WANT? *

Type a number hetw(-,,n I and 5 correspond ing to t he
option "you want_ y() s,;t'l .ct, if you make a mistake
while typinq, us{. the left arrow (.<--) or delete
(DEL) key to backspace. Press RETURN when
finished. Unl-,,-ss you type 5 you willI then s(e
prompt #27.

-

. . . .. . . .. .
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AUTOI MRAnuT DispLEAy AENR

2.Is TSEI.5 ANALYSIS FOR A ITREMENS
i't 2 US or 5 AN i.4 thANait ALYESuwatt

tockpileUT naeMiltenu bcDisplayeanyo

1*1- d sj y(d 11dyuwil I s~e prompt 9

28. ENTER THlE PIT # *

Type a number between 1 and 1 0 corresponding3 to
the name of. the pit whose gravity table you want
to automatically load.
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29. ENTER THE STOCKPIIE **

Type a number between I and 10 corresponding to
the name of the stockpile whose qravity table you
want to automatically load.

AUTO Options

Prompts 26-29 tell AUTO which pit or
stockpile gravity table you want to complete
automatically and which method you want to use.
If you choose method 1 and either a pit or
stockpile, you will see Figure 3.2. Methods 2,3,
and 4 have displays identical tc Figure 3.2 except
for the INCH row which will be 1.45 for method 2,
1.55 for method 3, or 1.45 and 1.55 for method 4.
Each method requires the results from a 1 .50
ana'ysis. When using method 1, ATO will sound a
eel] i ard erase an entry ii t 1 inCOremeInt r c, ,
would give unrealistic data. Normally, increment.
should all be positive values since AUTO uses th"
g,,neral trend that as tne specific gravity jet:
lower, loss, BTh, and MAF get higher, and
moisture, ,, ash, and , sulfur get lower.

After AUTO saves the completed table, you
will see prompt #26. Continue automatically
completing tables by selecting method 1,2,3, or 4.
To end AUTO, choose method 5, QUIT. The screen
will he erased and you will see the messaqe"

RUN I)ATA 'P() REVIEW THESE CII ANDGES
'i)L )A]A disk is I r,d d in drive I , so to do
th a, ty'pe

]RUN DATA
then press RETURN. Reviewing the new gravity
tables is important since BLEND uses whatever is--
there, right or wrong.
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AUTOI MRAVTo DispLEATAER
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CHAPTER 4
THE BLEND PROGRAM

I

Purpose

The BLEND program uses data from DATA and
AUTO to calculate specific gravities for preparing
raw coal silo and ROM coal, and tonnage to accept
from pits and stockpiles as ROM coal. BLEND
treats the preparation process as three separate
stages. Stage 1 handles the clean coal silo,
stage 2 prepares coal in the raw coal silo, and
stage 3 blends ROM coal from pits and stockpiles
and prepares it. The answers BLEND gives will be
the best, under the conditions established by DATA
and AUTO, for minimizing the percent reject, or
wash loss.

The BLEND Scenario Menu

Once you have established the conditions with -
DATA and AUTO, place the DATA disk in drive 2 and
the BLEND disk in drive 1. Close both drive
doors. Make sure that the printer is on and
ready. Type

]RUN BLEND
then press RETURN. The IN USE lamp should light,
and after a few seconds you will see the display
in Figure 4.1. This is the scenario menu which
allows you to choose a scenario for BLEND to
evaluate. You have three scenarios available
which will be explained in the scenario section.

Prompt

30. WHAT SCENARIO DO YOU WANT TO USE? *
Type a number between I and 3 corresponding to the
scenario you want BLEND to evaluate.
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p

.

Figure 4.1 """
BLEND Menu DisplayG

Scenarios ii!i[

1. Scenario 1, COMPLETE 3 STAGE SCENARIO, -

will be the normal scenario to select. This -
scenario evaluates the entire preparation process "'7"
as three separate stages. -'-[

2. Scenario 2, EMPTY SILOS SCENARIO, should

be chosen when both silos are empty. This I_
scenario ignores both silos and immediately begins i. _[
calculating ROM tonnage and specific gravity. It

is not necessary to "empty" the silos first with .7.7
DATA, BLEND does not even read silo data for this
scenario.

I eI.o1 O T S S A

will .ls

scenario~~~ ~ ~ ~ ~ ~ evlae h nie rprto rcs

,.--.-.-..--. three.-. separate •st.-ages-.---,",'. .-.-- ..v ..... ,,.,. ,.-: i ''- :-: .
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3. Scenario 3, ROM BLEND SCENARIO, should be
chosen when it may be possible to meet contract
specifications with a ROM blend. When running
DATA, ROM quality should be put in the gravity
table's 1.60 specific gravity row for each source
under consideration for this blend. % loss is
ignored since no preparation is involved.

Date Entry

After selecting a scenario, you will be asked
to

ENTER THE DATE BELOW
Month, day, and year should be typed in as
two-digit numbers, for example

MONTH 02
DAY 21
YEAR 85

Starting Specific Gravities

After entering the date, if you selected
scenario 1 or 2 you will be asked to

ENTER YOUR SUGGESTIONS BELOW FOR
SPECIFIC GRAVITIES TO START WITH

A caution statement will also be displayed.
CAUTION! IF A SOLUTION IS FOUND AT A
SPECIFIC GRAVITY THAT YOU SUGGESTED,
YOU SHOULD RUN THE PROGRAM AGAIN WITH
A HIGHER SUGGESTED SPECIFIC GRAVITY

BLEND is designed to search down in increments of
.01 from your suggestion for a starting specific
gravity until a specific gravity is found that is
capable of preparing either the raw coal silo coal
or ROM coal to contract specifications. If you
suggest 1.60 as the specific gravity to start
stage 2 or 3 at, every specific gravity from 1.60

•~ ~~ ~~~~~ .. ... .... ... .... : .. .-........-....
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down to the answer will be evaluated. To speed up .
the calculations, you can suggest specific
gravities closer to where you think the answer
might be. However, as the caution statement
warns, if BLEND stops with your suggested specific - -

gravity for either stage 2 or 3, you cannot be
sure that a higher specific gravity would not work
also. You should run BLEND again with a higher
suggestion for the appropriate stage. If scenario
I was chosen you will see prompts 31 and 32. If
scenario 2 was chosen you will only see prompt
#32.

Prompts

31. STAGE 2 (RAW SILO) SUGGESTIONS? ****
Type a number between 1.60 and 1.41 corresponding
to the specific gravity you want the stage 2
calculations to begin with. After entering your
suggestion press RETURN.

32. STAGE 3 (ROM) SUGGESTION? *
Type a number between 1.60 and 1.41 corresponding
to the specific gravity you want the stage 3
calculations to begin with. After entering your
suggestion press RETURN.

BLEND While Calculating

After entering your suggestion(s) for
starting you will see a display similar to Figure
4.2. This display will remain on the screen while
BLEND performs its calculations. The display is
updated as the search for specific gravities drops
down. You can check the status of calculations at
any time by reading the stage 2 and/or stage 3

,--< -

..................................
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Figure 4.2 [.[-
BLEND in Progress Display

"SG=" value. For example, the sample display in,.-:
Figure 4.2 shows tha BLEND has found a specific

gravity of 1.52 for stage 2 and is currently •.
evaluating 1.47 as a stage 3 specific gravity. If -
scenario 2 was chosen there will be no value for '.stage 2. If scenario 3 was chosen there will be

no values for stage 2 or 3. Each time BLEND [ -"

changes to a new specific gravity, a bell will.-'.'
sound and the new value will be displayed under"'"
the appropriate stage.-

I

S.'.~ . ... . . . . . .

. -. ... •' . '-. .....--. '.'-.. -, *. .... , ..- ".", ".'.- .. '.. .. . . . ,..".-., .-..
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'rhe BLEND Report

When BLEND completes calculations for the
scenario you have chosen, a report similar to
Figure 4.3 will be printed. The format is the
same for all three scenarios, only the values
change. For example, if scenario 2 or 3 was
chosen, the report would have "0" for stage 1 and
stage 2 entries. There would also be no stage 3
wash gravity or % loss if scenario 3 was chosen.
The sample report is for scenario 1.

The sample report shows that stage 1 is
shipping 10,000 tons to Detroit Ed, stage 2 is
shipping 10,000 tons to Monongahla, and stage 3 is
shipping 10,000 tons to Carolina P. For each
stage, contract quality requirements are listed as
"CONTRACT REQUIRED;", and actual shipped quality
as "QUALITY;". The tonnage for each stage is
listed as "TONNAGE;". For example, stage 2 had
15,000 tons in the raw coal silo, lost 4,5001 tons
as reject, used 2,500 tons of excess from stage 1,
shipped 10,000 tons to Monongahla, and was left
with 3,000 tons of excess for stage 3, (15000-
4500 + 2500 -10000 = 3000). Raw coal silo coal-
should be prepared at 1.57 with a 30% wash loss. -
ROM coal from the 12 sources should be prepared at
1.59 with a 27% wash loss. For each of the 12
sources, the ROM tons to blend, the individual
loss, and the resulting clean tons are listed.

The DATA needed to generate this report is
saved before BLEND ends. After the report is
printed the display will erase and you will see
the message

DONE! RUN REPORT TO GET ANOTHER COPY
At any time, to get another copy of the most
recent report, the BLEND disk should be in drive 1
and the printer should be ready. Type

]RUN REPORT
then press RETURN.
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REPORT DATE: 01-28-85

FULL SCENARIO

STAGE I STAGE 2 STAGE 3
CLEM4 RIAW ROM

CONTRACT; DETROIT ED MONOGAHiLA CAROLINA P
REQUIRED-
.SULFUR 1.1 1.05 1.2
SULFUR 08 .1 .1 .1
YASH 12.8 12.6 13.2
X MOISTURE 13.3 13.1 13.5
TU 12050 12500 12000
BTU DB 250 500 150
TONS 10000 10000 10000

TONNAGE-
SILO/ROM 12500 15000 30000
WASH LOSS 4500 8100
EXCESS 2500 3000 14900
SHORTAGE

QUALITY-
X SULUR J.02 1.14JJ5385 1.20170528
X ASH 11.38 11.2346154 11.907785
. MOISTURE 10.62 12.4615385 13.1989805
BTU 12579 12070.9615 11976.6219

LIASH GRAVITY 1.57 1.59
% LOSS 30 27

RO SOURCES
PIT/PILE ROM TONS X LOSS CLEAN TONS

MARY F12 5000 27 3650
TAYLOROROS 5000 27 3650
AM9ER 5000 27 3650
BLAZER 2650 27 1934.5
TRIPLE '91 2000 27 1460
CBRGICBR62 2000 27 1460
CBR63CBR64 2000 27 1460
COR6 2/3/4 2000 27 1460
CORG 3/4 2000 27 1460
STOCKTON 2000 27 1460
BLAZER 100 27 73
STOCKTON 250 27 182.5

Figure 4.3
Sample Report
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No BLEND Solution

If BLEND is not able to find a solution for
stage 2, the screen will be erased, a bell will
ring 10 times, and the message

THE PROGRAM COULD NOT FIND A SOLUTION
FOR WASHING THE RAW COAL!

will appear. Since the raw coal silo contents are
fixed, you have no choice but to wash it anyway at
1.41. To get BLEND to go ahead and calculate a
full scenario, you should change the quality
requirements for the stage 2 contract, and suggest
1.41 as the stage 2 starting gravity. This will
allow BLEND to process stage 2 and go on to stage
3. Keep in mind that the stage 2 contract quality ' "
requirements are not correct.

If BLEND is not able to find a solution for
stage 3, the screen will be erased, a bell will
ring 10 times, and the message

THE PROGRAM COULD NOT FIND A SOLUTION
FOR WASHING THE ROM COAL! -.

RAW COAL CAN BE WASHED AT *
will appear. The most likely reason is that BLEND
did not have enough flexibility for finding a ROM
blend that it could prepare. Rerun DATA and lower
as many coal selection minimums as possible. Then
rerun BLEND and suggest * as the stage 2
starting gravity.

If BLEND is not able to find a solution for
blending ROM coal, scenario 3, the screen will be
erased, a bell will ring 10 times, and the message

THE PROGRAM COULD NOT FIND A SOLUTION
FOR BLENDING THE ROM COAL!

will appear. This either means that not enough
compliant coal is available, you are forcing BLEND
to use too much non-compliant coal, or there is no
way to meet the contract without preparation.



T-2982

Chapter 4 34

Rerun DATA and lower the coal selection minimums
or raise the maximums, whichever seems
appropriate. Then rerun BLEND.

Error Handling

The following list of error messages and how
to handle them does not include every possible - -

error, only those that are most likely to be
encountered. For a more detailed list or
explanation, consult an Apple User's Manual.

1. YOU ARE TRYING TO FORCE THE PROGRAM
TO BLEND MORE THAN PLANT CAPACITY!
RERUN THE DATA PROGRAM AND LOWER THE
SELECTION MINIMUMS BY AT LEAST *

This message will appear if the minimum tons -

specified in DATA's coal selection section add up
to more than 20,000, the plant capacity. You
should run DATA again and lower enough minimums to
bring the minimums total down to 20,000 or lower.
Chapter 5 discusses another method for handling
this error.

2. YOU ARE TRYING TO FORCE THE PROGRAM
TO BLEND MORE THAN REHANDLING CAPACITY!
RERUN THE DATA PROGRAM AND LOWER THE
SELECTION PILE MINIMUMS BY AT LEAST *

This message will appear if the minimum tons for
stockpiles specified in DATA's coal selection
section add up to more than 6,000, the rehandling
capacity. You should run DATA again and lower
enough stockpile minimums to bring the total down
to 6,000 or less. Another method for handling
this error is discussed in Chapter 5.

. , . " ..o
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3. END OF DATA
RERUN THE DATA PROGRAM AND
REVIEW THE DISPLAYS FOR MISSING OR BAD
DATA, INSERT THE PROPER VALUE,
THEN TRY AGAIN

This message will appear if BLEND has a problem
trying to read data created by DATA or AUTO. You
should run DATA and look for an obvious mistake in
one of the displays.

Other possible errors and messages are
similar to the Error Handling section in Chapter
2.

. . . .. . *~. -, * - .* . .. . . .4* -
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CHAPTER 5
VARIATIONS ON USE

While the software package was designed to
aid in making the daily specific gravity and
tonnage decision, the variations on its use are
limited only by the imagination of someone
familiar enough with Martiki's preparation
process. The easiest way to test a new idea is
just to try it and examine the results to see it
they are consistent with the actual situation.

One fairly obvious variation is to examine
the effects of a change in contract requirements.
To do this you should run a "typical day's"
scenario with the old contract requirements, and
then run the same scenario with only the contract
requirements changed. Comparing the two reports
will show what effects, if any, this contract
change will have.

Another variation is to examine the effects
of adding a new pit or stockpile. Again, run a
"typical day's" scenario without the new source,
and then run the same scenario with the new source
available for coal selection. Comparing the two
reports will show what effects, if any, this new
source will have.

Another variation is to raise the plant
and/or rehandling capacity. To do this, place the
BLEND disk in drive 1, close the door, then type

]LOAD BLEND (press RETURN)
]LIST 8380

and press RETURN. You will see
8380 C(22):20000:C(23)=6000:REM PLANT

REHANDLING CAPACITY
You can temporarily change either capacity by
retyping line 8380 with new values. For example,
type

8380 C(22)=30000:C(23)=8000:REM PLANT
REHANDLING CAPACITY

then press RETURN. If you run BLEND now, the
plant capacity will be 30,000 tons, and the

. -S - - . . . .



T-298,L 9

Chapter 5 37

rehandling capacity will be 8,000 tons. This
change is only temporary, however, and will he
lost as soon as you run a different program or
turn off the Apple. To make the change permanent,
after typing your new line 8380 type

]UNLOCK BLEND (press RETURN)
]SAVE BLEND (press RETURN)
]LOCK BLEND

then press RETURN.
You can examine the effects of a different

capacity by running a "typical day's" scenario
with the old capacity, changing line 8380 as shown
above, then rerunning the same scenario.
Comparing the two reports will show what effects,
if any, the capacity change will have.

Changing the plant capacity will also allow
you to look at a long-range projection. Run
BLEND's empty silos scenario with a "typical"
contract for stage 3, capacities raised to
Appvropriate long-rangt total values, "typical"
float and sink results for each source, and coal
selection maximums raised to reflect the most
available from each source during the long-range
period. By preparing a long-range blend, the
report will show the "average" specific gravity
needed to meet the "typical" contract, average
loss, and relative proportions of ROM coal from
each source.

These suggestions for variations on use are
onl ,,xamples of what can be done. Keep in mind
that thrso variations use "typical" data, so any
decision made based on the results should be done
with caution. The normal method of use should
still be a complete 3 stage scenario.

. .. -. . . . -- -. . .. - -, - -. . . .. . ...- ...- - • ," "



12380 FA( 2 ~ST*FA( 2 )-FX( 2 )*FA( 3) )/T2
12390 FM(2)=(ST*FM(3)-FX(2)*FM(3) )/T2
12400 FB(2)=(ST*FB( 3)-FX(2)*FB( 3) )/T2
12410 IF FS(2) > CS(2) + DS(2) THEN 12460
12420 IF' FA(2) > CA(2) THEN 12460
12430 IF' FM(2) > CM(2) THEN 12460
12440 IF FB(2) < CB(2) - DB(2) THEN 12460
12450 GOTO 12470
12460 POP:GOTO 400:REM NEXT K
12470 RETURN
12996 REM
12997 REM SUBROUTINE 13000
12998 REM FIX SILO CONTENTS
12999 REM
13000 D$= CHR$ (4)
13010 PRINT:PRINT D$;"OPEN CONTRACTNAMES,L11"
13020 PRINT:PRINT D$;"READ CONTRACTNAMES,R";C1
13030 INPUT C1$:PRINT D$
13040 PRINT:PRINT D$;"READ CONTRACTNAMES,R";C2
13050 INPUT C2$:PRINT' D$
13060 FT(1V=T1
13070 FR( I VST
13080 F'S(I )=PS(21)
1 3090 FA I) =PA (21)

1 3110 FBE (1 iPb I 2 1)
13120 FX(l =S)-,rTI
131 30 FUO~ P 0 TO
13140 IF V( 1) 0 THEN 13170
13150 X(-V(I) )=C(I)
13160 GOTO 13180
13170 Y(V(I) )=C(I)
13180 N EXT I
13190 FT(2)=T'2
13200 FR(2)=TN
13210) FS (2)=-Y 126) -B(22)±CS(2) +D);(2)
13220 FA(2)=-Y(25) -13(22)+CA(2)
13230 FM( 2)=-Y (24),-B3(22) +CM(2)
13240 FB(2)=Y(271 ,-B(22)+CB(2)-DB(2)
13250 IF FX(1 I < 0 T1HEN 13280
13260 FX( 2)V-B(22)-FT(2)
13270 GOTO 13290
13280 FX(2)=-B(22)+FX(1 )-FT(2)
13290 FG( 21=1 .61-K*.01
13300 FL(2)=100-( (-B(22)-X(21) )/T'N)*100
13310 FW(2)=TN+X(21 )+B(22)
13320 IF ST-TI > = 0 THEN 13430
13330 FS(1 )=(ST*FS(I )-FX( 1)*FS(2) I/'TI



112923 1 1 P1I/

11240 REM 7. EXCHANGE THE ANSWER INDICATORS
1 1250 X=F ( 12)
11260 1(P2)=V(I)
11270 V ( P IX
11280 RELTURIN
1 1996 REM
11997 R EM SUBROUTINE 12000
11998 REM ADJILUST FOR ROM
11999 REM
12000 D5= CHR$ (4)
12010 PRINT:PRINT PS$; 'REAf) CONTPACTNAMES,R";C3
12020 INPUT C3$:PRINT D$
12030 PRINT DS;"OPEN PITNAMES,Ll1"
12040 FOR RN=l To 10
12050 PRINT:PRINT D$;"READ PITNAMES,R";RN
12060 INPUT NM$(RN):NEXT RN:PRINT D$
12070 PRINT D$;"OPEN PILENAMES,Lll"
12080 FOR RN=1 To 10
12090 PRINT:PRINT D$;"REA) PILENAMES,P";RN
12100 INPUT NMS(RN+]0):#RN:PRINT D$
12110 TN=0
12120 FPk 1=1I To) M
1 2] 30 IF' V ( I = 0 TMEN 1 21 70
121 Lzt,
121A0 I~X -V( i
12160 GOTO 12180
1 21 70 Y (V(1))=C( (1
12180 N EXT 1
12190 FTr(3 ) =T3
12200 PR(3)=TFN-X(21)
12210 PS( 3)=-Y(26)/-B(22)±CS(3)+DS(3)
12220 PA (3) =-Y(25) /-B(22) +CA (3)
12230 FM(3)=-Y(24)/-B(22)+CM(3)
12240 PB ( i) =Y ( 27),/-B (2 2) +CB ( 3)-PB (
12250 IF FX(2) U THEN 12280)
12260 PX( 3)=-B( 22)-PT( 3)
12270 GOTO 12290
12280 FX (3) =-B (22) +FX (2)-FT (3)
12290 FG(3)=l.61-K*.01:IF S0=3 THEN FG(3)=0
12300 FL(3)= 100-((-B(22)-X(21))/"-IP(3))*100
12310 FW(3)=TN+B(22)
12320 FOR 1=1 TO 20
12330 FC( I)=X(I )-X( I)*(PL(I )/100)
12340 NEXT I
12350 IF FX(2) > = 0 THEN 12470
12360 ST=FT(2)+FX(2)
12370 FS(2)=(ST*FS(2)-FX(2)*FS(3) )/T2

. . .. . . . . . .
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10130 P1=0
10140 FOR I=l TO M
10150 S(I)=T(I,P2):REM STORE COPY FOR STEP 6
10160 IF TCI,P2) < =.00001 THEN 10200
10170 IF C(I)/T(I,P2)' > M2 THEN 10200
10180 M2= C(I)/T(I,P2)
10190 P1=1
10200 NEXT I
10210 S(M+1)=B(P2):REM STORE COPY FOR STEP 6
10220 IF P1 > <0 THEN 10250
10230 G$="RETRY"
10240 GOTO 10320
10250 P=T(P1,P2):REM PIVOT ELEMENT
10260 GOSUB 11000:REM STEPS 4-7
10270 REM 8. REPEAT STEPS 2-8
10280 NEXT L
10290 G$="RETRY"
10300 GOTO 10320
10310 GS="OKAY'
10320 RETURN
10995 REM
10996 REM SUBROUTINE 11000
10997 REM STEPS 4-7
10998 REM 4. DIVIDE PIVOT ROW BY PIVOT EL EMENT
10999 REM
11000 FOR J=1 TO N
11010 T(P1,J)=T(P1 ,J)/P
11020 NEXT J
11030 C(P1 )=C(P1 )/P
11040 REM 5. READJUST ROWS TO NEW PIVOT ROW
11050 FOR I=1 TO M
11060 IF I=P1 THEN 11120
11070 X=T(I,P2)
11080 FOR J=1 TO N
11090 T( I,J)=T(I ,j)-x*Tr(P1,J)
11100 NEXT J
11110 C(I)=C(I)-X*C(P1)
11120 NEXT I
11130 X=B(P2)
11140 FOR J=1 TO N
11150 B(J)=B(J)-x*Tr(p1,J)
11160 NEXT J
11170 B(N+1 )=B(N+1 )-X*C(P1)
11180 REM 6. RE-DO THE PIVOT COLUMN
11190 FOR 1=1 TO M
11200 T( I,P2 )=-S( 1)/P
11210 NEXT I
11220 B(P2)=-S(M+1)/P
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8997 REM SUBROUTINE 9000
8998 REM TABLEAU AND QUICK QUALITY CHECKS
8999 REM
9000 G$="OKAY"
9010 FOR I=M TO 1 STEP -1
9020 IF C(I) > -. 00001 THEN 9060
9030 GOSUB 14000:REM TABLEAU REWORK
9040 G$="RETRY"
9050 IF FG$="NO SOLUTION" THEN 9270
9060 NEXT I
9070 IF G$="OKAY" THEN 9090:REM QUALITY CHECKS
9080 GOTO 9000
9090 NQ=20
9100 IF C(21) > 0 THEN NQ=21
9110 FOR J=l TO NQ
9120 IF T(24,J) < = 0 THEN 9150
9130 NEXT J
9140 FG$="NO SOLUTION":GOTO 9270
9150 FOR J=l TO NQ
9160 IF T(25,J) <= 0 THEN 9190
9170 NEXT J
9180 FG$="NO SOLUTION":GOTO 9270
9190 FOR J=1 TO NQ
9200 IF T(26,,J) < = 0 THEN 9230 ,
9210 NEXT J1
9220 FG$="NO SOLUTION":GOTO 9270
9230 FOR J=l TO NQ
9240 IF T(27,J) < = 0 THEN 9270
9250 NEXT J
9260 FG$="NO SOLUTION"
9270 RETURN
9996 R EM
9997 REM SUBROUTINE 10000
9998 REM STEPS 2-8
9999 REM
10000 FOR L=] TO 1000
10010 REM 2. FIND PIVOT COLUMN
10020 M1=0
10030 P2=0
10040 FOR J=l TO N
10050 IF B(J) < = MI THEN 10080
10060 MI=B(J)
10070 P2=J
10080 NEXT J
10090 IF MI > 0 THEN 10110
10100 GOTO 10310:REM FOUND SOLUTION
10110 REM 3. FIND PIVOT ROW
10120 M2=1000000

. ......- ..
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8310 MN=O:SM=O
8320 FOR RN=I TO 20:RM=RN+27
8330 PRINT:PRINT D$;"READ SELECTION,R";RN
8340 INPUT MN(RN),C(RN):C(RM)=-MN(RN)
8350 MN=MN+MN(RN)
8360 IF RN>10 THEN SM=SM+MN(RN)
8370 NEXT RN:PRINT D$
8380 C(22)=20000:C(23)=6000:REM PLANT & REHANDLING CAPACITY
8390 IF C(22)-MN > = 0 THEN 8450
8400 TEXT:HOME:PRINT "YOU ARE TRYING TO FORCE THE PROGRAM"

8410 PRINT "TO BLEND MORE THAN PLANT CAPACITY!"
8420 PRINT:PRINT "RERUN THE DATA PROGRAM AND LOWER THE"
8430 PRINT "SELECTION MINIMUMS BY AT LEAST ";MN-C(22)
8440 POP:GOTO 840
8450 IF C(23)-SM > = 0 THEN 8510
8460 TEXT:HOME:PRINT "YOU ARE TRYING TO FORCE THE PROGRAM"
8470 PRINT "TO BLEND MORE THAN REHANDLING CAPACITY!" -

8480 PRINT:PRINT "RERUN THE DATA PROGRAM AND LOWER THE"
8490 PRINT "SELECTION PILE MINIMUMS BY AT LEAST ";SM-C(23)
8500 POP:GOTO 840
8510 FOR J=l TO 10:RN=J*20+K
8520 PRINT:PRINT D$;"READ PITTABLES,R";RN
8530 INPUT PL(J),PM(J),PA(J),PS(J),PB(J),PF(J):NEXT J:PRINTD$ ..
8540 FOR J=11 TO 20:RNi(,J-10)*20+K
8550 PRINT:PRI4' D$; "READ PILETABLES,R";RN
8560 INPUT PL(J),PM(J),PA(J),PS(J),PB(J),PF(J):NEXT J- PRINT

D$
8570 IF FX(2) > 0 THEN C(21)=FX(2):GOTO 8590
8580 C(21)=o
8590 C(48)=-C(21)
8600 PL(21)=0
8630 PM(21)=FM(2)
8640 PA(21)=FA(2)
8650 PS(21)=FS(2)
8640 PB(21)=FB(2)
8650 B(22)=0
8660 FOR J=l To N
8670 IF SO=3 THEN PL(J)=0
8680 B(J)=I-PL(J)/I00:REM YIELD INDICATORS
8690 IF C(J) < = 0 THEN B(J)=0
8700 T(24,J)=(PM(J)-CM(3))*B(J):REM MOISTURE COEFFICIENT
8710 T(25,J)=(PA(J)-CA(3))*B(J):REM ASH COEFFICIENT
8720 T(26,J)=(PS(J)-CS(3)-DS(3))*B(J):REM SULFUR COEFFICIENT
8730 T(27,J)=(CB(3)-DB(3)-PB(J))*B(J):REM BTU COEFFICIENT
8740 NEXT J
8750 RETURN
8996 REM

.. ....
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7490 FOR J=1 TO N
7500 B(J)1l-PL(J)/l0O:REM YIELD INDICATORS
7510 IF C(J) <= 0 THEN B(J)=0
7520 T(24,J)=(PM(J)-CM(2))*B(J): REM MOISTURE COEFFICIENT
7530 T(25,J)=(PA(J)-CA(2))*B(J):REM ASH COEFFICIENT
7540 T(26,J)=(PS(J)-CS(2)-DS(2))*B(J):REM SULFUR COEFFICIENT
7550 T(27,J)=(CB(2)-~DB(2)-PB(J))*B(J):REM BTU COEFFICIENT
7560 NEXT J
7570 RETURN
7993 REM
7994 REM SUBROUTINE 8000
7995 REM STEP 1 (ROM)
7996 REM SET UP ANSWER GUIDES AND TUCKER TABLEAU
7997 REM ROWS WITH NEGATIVE ENTRIES IN THE LAST COLUMN
7998 REM (> =CONSTRAINTS) ARE AT THE BOTTOM OF THE

TABLEAU
7999 REM
8000 D$= CHR$ (4)
8010 FOR I=1 TO M
8020 V(I)=I
8030 Y(I)=0
8040 NEXT I
8050 FOR J1l TO N
8060 H(J)=-J
8070 X(J)=0
8080 NEXT J
8090 FOR I=1 TO N
8100 FOR J=1 TO N
8110 IF I=J THEN T(I,J)1l:GOTO 8130
8120 T(I,J)=0
8130 NEXT J
8140 NEXT I
8150 FOR J=1 TO 20
8160 T(22,J)=1
8170 IF J > = 11 THEN T(23,J)1I:GOTO 8190
8180 T(23,J)0O
8190 NEXT J
8200 T(22,21)0O:T(23,21 )0
8210 FOR I=28 To 48
8220 FOR J=l TO N
8230 IF I-27=J THEN T(I,J)=-l:GO'TO 8250
8240 T(I,J)0O
8250 NEXT J
8260 NEXT I
8270 FOR I=24 TO 27
8280 C(I)=0
8290 NEXT I
8300 PRINT:PRINT D$;"OPEN SELECTION,L12"
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7030 Y(I)=0
7040 NEXT I
7050 FOR J=1 TO N
7060 H(J)=-J
7070 X(J)=0
7080 NEXT J
7090 FOR 1=1 TO N
7100 FOR J=1 TO N
7110 IF 1=J THEN T(I,J)1I:GOTO 7130
7120 T(I,J)=0
7130 NEXT J
7140 NEXT I
7150 FOR J=1 TO 20
7160 T(22,J)1l
7170 IF J > = 11 THEN T(23,J)1l:GOTO 7190
7180 T(23,J)=0
7190 NEXT J
7200 T(22,21 )0:T(23,21 )0
7210 FOR I=28 TO 48
7220 FOR J=1 TO N
7230 IF I-27=J THEN T(I,J)=-l:GOTO 7250
7240 T(I,J)=0
7250 NEXT J
7260 NEXT I
7270 FOR 1=24 TO 2-7
7280 C(I)0O:NEXT I
7290 TN=0
7300 PRINT:PRINT D$;"OPEN CRUSHEDTONS,L6"'
7310 FOR RN1l TO 20:RM=RN+27
7320 PRINT:PRINT D$;'READ CRUSHEDTONS,R";RN
7330 INPUT C(RN):C(RM)=-C(RN):TN=TN+C(RN)
7340 NEXT RN: PRINT D$
7350 IF ST-Ti > = 0 THEN C(21)=ST-T1:GOTO 7370
7360 C(21)=0
7370 C(48)=-C(21
7380 C(22)=TN:C(23)=TN:REM CRUSHED SILO TONS
7390 PRINT D$;'OPEN PITTABLES,L35"
7400 FOR J1l To l0:RN=J*20+K
7410 PRINT:PRINT D$;'READ PITTABLES,R";RN
7420 INPUT PL(J) ,PM(J) ,PA(J) ,PS(J) ,PB(J) ,PF(J) :NEXT J:PRINT

7430 PRINT D$;'OPEN PILETABLES,L35"
7440 FOR J=11 TO 20:RN=(J-10)*20+(
7450 PRINT:PRINT D$;"READ PILETABLES,R";RN
7460 INPUT PL(J),PM(J),PA(J),PS(J),PB(J),PF(J):NEXT J: PRINT

D $
7470 PL(21)=0
7480 B(22)=0
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5210 VTAB 23:HTAB 1:POKE 34,23
5220 RETURN
5996 REM
5997 REM SUBROUTINE 6000
5998 REM SET STANDARD VALUES FOR SCENARIO "
5999 REM
6000 D$= CHR$ (4)
6010 PRINT:PRINT D$;"OPEN DESTINATION,L8,D2"
6020 PRINT:PRINT D$;"READ DESTINATION,R1"
6030 INPUT CI,TI:PRINT D$
6040 PRINT D$;"READ DESTINATION,R2"
6050 INPUT C2,T2:PRINT D$
6060 PRINT D$;"READ DESTINATION,R3"
6070 INPUT C3,T3:PRINT D$
6080 PRINT D$;"OPEN CONTRACTDATA,L31"
6090 PRINT:PRINT D$;"READ CONTRACTDATA,R";CI
6100 INPUT CS(1),CA(1),CM(1),CB(1),DS(1 ,DB(l):PRINT D$
6110 PRINT D$;"READ CONTRACTDATA,R";C2
6120 INPUT CS(2),CA(2),CM(2),CB(2),DS(2) ,DB(2):PRINT D$
6130 PRINT D$;"READ CONTRACTDATA,R";C3
6140 INPUT CS(3),CA(3),CM(3),CB(3),DS(3) ,DB(3):PRINT DS
6150 PRINT D$;"OPEN CLEANCOAL,L35"
6160 PRINT:PRINT D$;"READ CLEANCOAL,R]""
6170 INPUT PM(21),PA(21),PS(21),PB(21),PF(21),ST:PPINT DS"
6180 RETURN
6196 REM
6197 REM SUBROUTINE 6200
6198 REM SET STANDARD VALUES FOR SCENARIO 2 OR "
6199 REM
6200 D$= CHR$ (4)
6210 PRINT:PRINT D$;"OPEN DESTINATION,L8,D2"
6220 PRINT:PRINT D$;"READ DESTINATION,R3"
6230 INPUT C3,T3:PRINT D$
6240 PRINT:PRINT D$;"OPEN CONTRACTDATA,L31"
6250 PRINT:PRINT D$;"READ CONTRACTDATA,R";C3
6260 INPUT CS(3),CA(3),CM(3),CB(3),DS(3) ,DB(3):PiINrT' D$
6270 RETURN
6993 REM
6994 REM SUBROUTINE 7000
6995 REM STEP 1 (SILOS)
6996 REM SET UP ANSWER GUIDES AND TUCKER TABLEAU
6997 REM ROWS WITH NEGATIVE ENTRIES IN THE LAST COLUMN
6998 REM ( >= CONSTRAINTS) ARE AT THE BOTTOM OF THE

TABLEAU
6999 REM
7000 D$= CHR$ (4)
7010 FOR I=l TO M
7020 V(I)=I

.<



T-2982 104

1700 PRINT "ENTER YOUR SUGGESTIONS BELOW FOR"
1710 PRINT "SPECIFIC GRAVITIES TO START WITH":PRINT
1720 INVERSE:PRINT "CAUTION!";:NORMAL:PRINT "IF A SOLUTION

IS FOUND AT A"
1730 PRINT "SPECIFIC GRAVITY THAT YOU SUGGESTED,"
1740 PRINT "YOU SHOULD RUN THE PROGRAM AGAIN WITH"
1750 PRINT "A HIGHER SUGGESTED SPECIFIC GRAVITY"
1760 ON SO GOTO 1770,1790
1770 VTAB 20:HTAB 1:QU$="STAGE 2 (RAW SILO) SUGGESTION?
1780 LO=1.41:HI=1.6:LN=4:GOSUB 1400:K1=INT( (1.61-NM)*100)
1790 VTAB 21:HTAB 2 :QU$="STAGE 3 (ROM) SUGGESTION?
1800 L0=1.41:HI=1.6:LN=4:GOSUB 1400:K2=INT((1.61-NM)*100)
1810 POKE 34,0:HOME:RETURN
4996 REM
4997 REM SUBROUTINE 5000
4998 REM DISPLAY MARTIKI "M"
4999 REM
5000 TEXT:HOME:INVERSE
5010 HTAB 21:PRINT SPC(l):VTAB 2:HTAB 20:PRINT SPC(3)
5020 VTAB 3:HTAB 19:PRINT SPC(5):VTAB 4:HTAB 18:PRINT SPC(7
5030 VTAB 5:HTAB 17:PRINT SPCC9):VTAB 6:HTAB 19:PRINT SPC(5)
5040 VTAB 7:HTAB 15:PRINT SPC(1);:FITAB 20:PRINT SPC(3);:HTAB

27:PRINT SPC(1)
5050 VTAB 8:HTAB 14:PRINT SPC(2);:HTAB 21:PR1Nq' SPC(l);:HTAB

27:PRINT SPC(2)
5060 VTAB 9:11TAB 13:PRINT SPC(3);:[fTAB 27:PRINT SPC(3)
5070 VTAB 10:HTAB 12:PRINT SPC(5);:HTAB 26:PRINT SPC(5)
5080 VTAB 11:HTAB 11:PRINT SPC(6);:HTAB 26:PRINT SPC(6)
5090 VTAB 12:HTAB 12:PRINT SPCC5);:HTAB 26:PRINT SPC(5)
5100 VTAB 13:HTAB 13:PRINT SPC(3);:HTAB 27:PRINT SPC(3)
5110 VTAB 14:HTAB 14:PRINT SPC(2);:HTAB 20:PRINT

SPC(1);:HTAB 22:PRINT SPC(1);:HTAB 27:PRINT SPC(2)
5120 VTAB 15:HTAB 15:PRINT SPC(1);:HTAB 20:PRINT

SPC(1);:HTAB 22:PRINT SPC(1);:HTAB 27:PRINT SPC(1)
5130 VTAB 16:HTAB 20:PRINT SPC(3):VTAB 17:HTA3 17:PRINT

SPC( 9)
5140 VTAB 18:IITAB 18:PRINT SPC(7):VTAB 19:HTAB 19:PRINT

SPC (5)
5150 VTAB 20:HTAB 20:PRINT SPC(3):VTAB 21:HTAB 21:PRINT

SPC( 1)
5160 VTAB 22:HTAB 1:NORMAL:PRINT "PROGRAM IN PROGRESS

DON'T INTERRUPT!"
5170 VTAB 1:HTAB 2:PRINT "PRINTER";:HTAB 32:PRINT "DATA

DISK"
5180 VTAB 2:HTAB 2:PRINT "SHOULD BE";:HTAB 32:PRINT "SHOULD

BE"
5190 VTAB 3:HTAB 2:PRINT ".READY";:HTAB 32:PRINT "IN DRIVE"
5200 VTAB 4:HTAB 35:PRINT "#2"
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1320 GET YN$:IF NOT (YN$="Y" OR YN$="y" OR YN$="N" OR
YN$="n") THEN PRINT CHR$(7);:GOTO 1320

1330 PRINT YN$;:REM ECHO RESPONSE
1340 RETURN
1394 REM
1395 REM SUBROUTINE 1400
1396 REM ASK FOR NUMERIC ENTRY (PROMPT IS wU$)
1397 REM RETURN RESPONSE IN NM
1398 REM NM MUST BE < = HI AND > = LO
1399 REM
1400 GOSUB 1200:REM CLEAR ENTRY LINE
1410 PRINT QU$;:REM DISPLAY PROMPT
1420 GOSUB 1000:NM=VAL(CC$)
1430 REM CHECK THAT ENTRY IS IN RANGE
1440 IF NM<LO OR NM>HI THEN PRINT CHR$(7);:HTAB (HT):GOTO

1420
1450 RETURN
1496 REM
1497 REM SUBROUTINE 1500
1498 REM MENU DISPLAY AND SELECTION
1499 REM
1500 HOME:HTAB 10:PRINT "MARTIKI COAL BLENDING"
1510 HTAB 10:PRINT "SCENARIO OPTIONS MENU":PRINT
1520 INVERSE:FOR 1=1 TO 3:HTAB 2:PRINT I:NEXT I:NORMA!

1530 VTAB 4:liTAB 4:PRINT "COMPLETE 3 STAGE qCENAK()!
1540 HTAB 4:PRINT "EMPTY SILOS SCENARIO"
1550 HTAB 4:PRINT "ROM BLEND SCENARIO"
1560 VTAB 23:HTAB I:QU$="WiAT SCENARIO) DU YOU WANT 'TPU USE?"
1570 LO=1:HI=3:LN="
1580 GOSUB 1400:SO=NM
1590 RETURN
1597 REM SUBROUTINE 1600
1598 REM DATE ENTRY AND VERIFICATION
1599 REM
1600 VTAB 23:HTAB I:GOSUB 1200
1610 VTAB 19:HTAB 1:PRINT "ENTER THE DATE BELOW"
1620 VTAB 20:HTAB I:QU$="MONTH
1630 LO=I:HI=12:LN=2:GOSUB 1400:MM=NM
1640 VTAB 21:HTAB I:QU$="DAY
1650 LO=1:HI31:LN=2:GOSUB 1400:DD=NM
1660 VTAB 22:HTAB 1:QU$="YEAR
1670 LO=0:HI=99:LN=2:GOSUB 1400:YY=NM
1680 DT$=STR$(MM) + "." + STR$(DD) + ".. + STR$(YY)
1690 POKE 34,7:HOME:RETURN
1696 REM
1697 REM SUBROUTINE 1700
1698 REM GET STARTING GRAVITY SUGGESTIONS
1699 REM

. . 1
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ANOTHER COPY"
820 GOTO 840
830 GOSUB 18000:REM NO SOLUTION
840 PRINT:PRINT D$;"CLOSE"
850 END
989 REM SUBROUTINE 1000
990 REM ENTER STRING DATA INTO A FIELD WITH LN CHARACTERS
991 REM THE RETURN KEY WILL END DATA ENTRY
992 REM THE LEFT ARROW AND DELETE KEYS BACKSPACE
993 REM THE ENTERED STRING IS RETURNED IN CC$
994 REM CTRL-X RESTARTS ENTRY
1000 HT=POS(0) + 1:REM START OF FIELD POSITION
1010 REM DISPLAY INVERSE ENTRY VIDEO MASK
1020 FOR I=l TO LN:PRINT "*";:NEXT I
1030 HTAB (HT):REM REPOSITION TO START OF FIELD
1040 REM ENTER DATA
1050 CC$="":REM INITIALIZE OUTPUT TO NULL
1060 GET C$
1070 IF C$= CHR$ (24) THEN HTAB (HT):GOTO 1020:REM CTRL-X
1080 IF (C$= CHR$ (8) OR C$= CHR$ (127)) THEN 1110
1090 IF LEN(CC$)=1 THEN PRINT CHR$(8);:PRINT "*";:PRINT CHR$

(8);:CC$=":GOTO 1060
1100 IF LEN(CC$)>0 THEN PRINT CHR$(8);:PRINT "*";:PRINT CHR$

(8);:CC$=LEFT$(CC$,LEN(CC$)-1):GOTO 1060
1110 IF C$= CHRS ( 3 THEN GOTO 1170:RI M CR" - END OF i:,HNT\Y
1120 IF (CS<CHR$(32) OR C$>CHRS(126) OR CS= CHR$ (44) TfilN•

PRINT CHR$(7);:GOTO 1060
1130 REM WHEN ENTRY IS FULL WAIT FOR 'CR OR CTRI,-X
1140 IF LEN (CC$)=LN THEN PRINT CHR$(7);:GOTO 1060
1150 PRINT C$;:REM ECHO KEYSTROKE
1160 CC$=CC$+C$:GOTO 1060
1170 REM REDISPLAY ENTRY AND CLEAR TO END OF FIELD
1180 HTAB(HT):PRINT CC$;SPC(LN-LEN(CCS)):RETURN
1196 REM
1197 REM SUBROUTINE 1200
1198 REM CLEAR ROW THAT CURSOR IS ON
1199 REM
1200 HTAB I:REM START OF BEGINNING OF R( [.
1210 PRINT SPC(39)
1220 HTAB 1:REM LEAVE CURSOR AT BEGINNINC; OF LINE
1230 RETURN
1296 REM
1297 REM SUBROUTINE 1300
1298 REM ASK A QUESTION(QU$) AND RETURN A Y,'N RESPONSE IN

YN$
1299 REM
1300 GOSUB 1200:REM CLEAR ENTRY LINE
1310 PRINT QU$;:REM DISPLAY PROMPT

.:. ...
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150 GOSUB 8000:REM STEP 1 (ROM)
360 GOSUB 9000:REM CHECK TABLEAU
370 IF FGS="NO SOLUTION" THEN 400
380 GOSUB 10000:REM STEPS 2-8
390 IF G$="OKAY" THEN 420
400 NEXT K
410 POKE 34,0:GOT0 830
420 GOSUB 12000:RENI ADJUST FOR ROM
430 GOTO 790
440 REM
450 REM SCENARIO 2 SECTION
460 GOSUB 1700:REM STARTING GRAVITY
470 GOSUB 6200:REM STANDARD VALUES
480 GOSUB 5000:REM DISPLAY "M"
490 PRINT:PRINT D$;"OPEN PITTABLES,L35"
500 PRINT:PRINT DS;"OPEN PILETABLES,L35"
510 PRINT:PRINT D$;"OPEN CONTRACTNAMES,L11"
520 SC=2:FOR K=K2 TO 20:FG$=""
530 VTAB 15:HTAB 32:PRINT "STAGE #3":VTAB 16:HTAB 32:PRINT

SG=";:HTAB 36:PRINT 1.61-~K*.01;CHR$(7)
540 VTAB 23:POKE 34,23
550 GOSUB 8000:REM STEP 1 (ROM)
560 GOSUB 9000:REM CHECK TABLEAU
570 IF FGS="NO SOLUTION' THEN 600
~8 0 Go(5UBf 10000: RFM ;TFPS _ -H

590 IF G$="OKAY" THElN 620
600 NEXT K
610 POKE 34,0.GOTO- 830
620 GOSUB 12000:REM ADJUST FOR ROM
630 GOTO 790
640 REM
650 REM SCENARIO 3 SECTION
660 GOSUB 6200:REM STANDARD VALUES
670 GOSUB 5000:REM DISPLAY "M"
680 PRINT:PRINT D$;"OPEN PITTABLES,L35"
690 PRINT:PRINT D$;"OPEN PILETABLES,L35"
700 PRINT:PRINT D$;"OPEN CONTRACTNAMES,1I 1'
710 SC=3:K=1:FGS""
720 GOSUB 8000:REM STEP 1 (ROM)
730 GOSUB 9000:REM CHECK TABLEAU
740 IF FG$="NO SOLUTION" THEN 770
750 GOSUB 10000:REM STEPS 2-8
760 IF G$="OKAY" THEN 780
770 POKE 34,0:GOTO 830
780 GOSUB 12000:REM ADJUST FOR ROM
790 GOSUB 16000:REM SAVE REPORT DATA
800 GOSUB 15000:REM PRINT RESULTS
810 TEXT:HOME:VTAB 10:HTAB 1:PRINT "DONE! RUN REPORT TO GET
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1 REM BLEND JANUARY 1985 STEVE&S L. VAN DREW
2 REM THIS PROGRAM WAS DEVELOPED TO SOLVE THE
3 REM DAILY TONNAGE AND SPECIFIC GRAVITY DECISIONS
4 REM FOR COAL BLENDING AND PREPARATION AT THE
5 REM MARTIKI COAL MINE IN LOVELY,KY.
6 REM SOLUTION IS BY ITERATIVE LINEAR PROGRAMMING
7 REM USING THE TUCKER TABLEAU AND SIMPLEX METHOD.
8 REM REFERENCE: T-2982 CO SCHOOL OF MINES
9 REM GOLDEN,CO 80401
10 REM MAIN PROGRAM
20 ONERR GOTO 20000: REM ENABLE ERROR TRAPPING

tw 30 DATA 104,168,104,166,223,154,72,152,72,96
40 FOR ML=768 TO 777:READ MC:POKE ML,MC:NEXT ML
50 D$ = CHR$ (4):REM CONTROL-D CHAR
60 PRINT D$;"MAXFILES 1l":PRINT D$
70 DIM B(22),C(48),CA(3),CB(3),CM(3) ,CSC3) ,DB(3),DS(3),

FAM3
80 DIM FB(3) ,FC(20) ,FG(3) ,FL(3) ,FM(3) ,FR(3) ,FS(3) ,FT(3),

FW( 3) ,FX( 3)
90 DIM H(21),MN(20),NM$(20),PA(21) ,PB(21),PF(21),PL(21),

PM(21) ,PS(21)
100 DIM S(49),SG(2) ,SW(2),T(48,21),U(21) ,V(48) ,X(21),Y(48)
110 GOSUB 1500:REM DISPLAY MENU
120 GOSUB 1600:REM DATE ENTRY
130 M=48:REM 4 OF ROWS (CONSTRAINTS)
140 N=21:REM # OF COLUMNS (VARIABLES)
150 ON SO GOTO 180,460,660
160 REM
170 REM SCENARIO 1 SECTION
180 GOSUB 1700:REM STARTING GRAVITIES
190 GOSUB 6000:REM STANDARD VALUES
200 GOSUB 5000:REM DISPLAY "M"
210 SC1I:FOR K=K1 TO 20:FG$=""
220 VTAB 15:HTAB 2:PRIiqT "STAGE #2":VTAB 16:HTAB 2:PRINT

IISG= ",.HTAB 6:PRINT 1.61-K*.01;CHR$(7)
230 VTAB 23:POKE 34,23
240 GOSUB 7000:REM STEP 1 (SILOS)
250 GOSUB 9000:REM CHECK TABLEAU
260 IF FG$="NO SOLUTION" THEN 290
270 GOSUB 10000:REM STEPS 2-8
280 IF GS="OKAY" THEN 310
290 NEXT K
300 POKE 34,0:GOTO 830
310 GOSUB 13000:REM FIX SILO CONTENTS
320 SC=2:FOR K=K2 TO 20:FG$=""
330 VTAB 15:H1TAB 32:PRINT "STAGE #3":VTAB 16:HTAB 32:PR1NT

ISG ll:HTAB 36:PRINT 1 .61-K*.01 ;CHR$(7)
340 VTAB 23:POKF, 34,2 3



T-2982 1

Appendix C

BTEND PROGGRAM LISTINC
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13340 FAC1)=(ST*FA(1 )-FX(1 )*FA(2) )/T 1
13350 FM(1)=(ST*FM(1)-FX(1)*FM(2) )/TrI
13360 FB(1)=(ST*FB(1)-FX(1)*FB(2) )/T1
133/0 IF FS(1) >Cs(1)+DS(1) THEN 13420
13380 IF FA~i) > CA~i) THEN 13420
13390 IF FM(1) > CM(1) THEN 13420
13400 IF FB(1) < CB(1)-DB(1) THEN 13420
13410 GOTO 13430
13420 POP:GOTO 400:REM NEXT K
13430 RETURN
13996 REM
13997 REM SUBROUTINE 14000
13998 REM TABLEAU REWORK
13999 REM
14000 P1=1
14010 FOR J=1 TO N
14020 IF T(P1,J) > = -.00001 THEN 14040
14030 GOTO 14060:REM OKAY EXIT
14040 NEXT J
14050 FG$="NO SOLUTION":RETURN
14060 P2=j
14070 FOR I=1 TO M
14080 S(I)=T(I,P2):REM STORE FOR STEP 6
14090 NEXT I
14100 ',(M+1 ) =B( P2)
14110 ',2=C(P)/T(P1,P2)
14120 FOR I=P1 TO M

4130 Fi rCI ,P2) <=.00)01 THEN 14170
14140 IF (C(I)/T(1,P2) ) > M2 THEN 14170
14150 P1=1
14160 M2=C(I)/'T(I,P2)
14170 NLXT I
14180 P=TCP1,P2)
14190 GOSUB 11000:REM STEPS 4-7
14200 RETURN
14996 REM
14997 R~EM SUBROUTINE 15000
14998 REM PRINT RESULTS
14999 REM
15000 PRINT:PRINT D$;"PR#1":REM ACTIVATE PRINTER
15010 PRINT CHR$(9);"l80Nll;:REM LINE WIDTH 803
15020 PRINT:PRINT "REPORT DATE: ";DT$:PRINT
15030 ON SO GOTO 15040,15060,15080
15040 PRINT "FULL SCENARIO":PRINT:PRINT
15050 GOTO 15090
15060 PRINT "EMPTY SILOS SCENARIO":PRINT:PRINT
15070 GOTO 15090
15080 PRINT "ROM BLE-ND SCENARIO": PRINT: PRINT
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15090 HTAB 20:PRINT "STAGE 1";:H'TAB 40:PRIN1 "STAGE 2";:POKE
36,60:PRINT "STAGE 3"

15100 HTAB 21:PRINT "CLEAN";:HTAB 42:PRNT "RAW";:POKE
36,62:PRINT "ROM":PRINT

15110 PRINT "CONTRACT"; :HTAB 20:PRINT c1J$; :HTAB 4J:11R1NT
C2$;:POKE 36,60:PRINT C3$

15120 PRINT "REQUIRED;"
15130 PRINT "% SULFUR";:HTA3 20:PRINT CS(1);:HIA3 40:PRINT

CS(2);:POKE 36,60:PRINT CS(3)
15140 PRINT "SULFUR DB";:HTAB 20:PRINT DSV1);:HTAB

40:PRINT DS(2);:POKE 36,60:PRINT DS(3)
15150 PRINT "% ASH";:HTAB 20:PRINT CA(1);:HTAB 40:PRINT

CAC2);:POKE 36,60:PRINT CA(3
15160 PRINT "% MOISTURE";:HTAB 20:PRINT CM(1);:HTAB

40:PRINT CM(2);:POKE 36,60:PRINT CM(3)
15170 PRINT "BTU";:HTAB 20:PRINT CBC1);:HTAB 40:PRINT

CB(2);:POKE 36,60:PRINT CB(3
15180 PRINT "BTU DB";:HTAB 20:PRINT DB(1);:HTAB 40:PRINT

DB(2);:POKE 36,60:PRINT DB(3)
15190 PRINT "TONS";:HTAB 20:PRINT T1;:HTAB 40:PRINT

T2;:POKE 36,60:PRINT T3:PRINT
15200 PRINT "TONNAGE;"
15210 PRINT "SILO/ROM";:HTAB 20:PRINT FR(1);:HTA3 40:PRINT

FR,(2);:POKE 36,60:PRINT FR(3
15220 PPINr WASH LOSS"; :HTAB 40:1b1N T' \(. VI

36,60:PRINT FW(3)
15230 PRINT "EXCESS";

15240 IF FX(1) > =0 THEN HTAB 20:PRIN'f I'X(I);
15250 IF FX(2) > = 0 THfEN HTAI3 40:PRINT FX(2);
15260 IF FX(3) > = 0 THEN POKE 36,60:PRINT FX(3):GoTro 15280
15270 PRINT
15280 PRINT "SHORTAGE";

15290 IF FX(1) < 0 THEN HTAB 20:PRINT -FX(1);
15300 IF FX(2) < 0 THEN HTAB 40:PRINT -FX(2);
15310 IF FX(3) < 0 THEN POKE 36,60:PRINT -FX(3):G0T() 15330
15320 PRINT
15330 PRINT:PR1NT "QUALI'TY;",
15340 PRINT "% SULFUR"; :HTAB 20:PRINT FS(1 ) ;:HTIAB 40:PRINT

FS(2);:POKE 36,60:PRINT FS(3)
15350 PRINT "% ASH";:HTAB 20:PRINT FA(1);:HTAB 40:PRINT

FA(2);:POKE 36,60:PRINT FA(3
15360 PRINT "% MOISTURE";:HTAB 20:PRINT FM(1);:HTAB

40:PRINT FM(2);:POKE 36,60:PRINT FM(3)
15370 PRINT" BTU";:HTA3 20:PRINT FB(l);:HTAB 40:PRINT

FB(2);:POKE 36,60:PRINT FB(3
15380 PRINT:PRINT "WASH GRAVITY";:HTAB 40:PRINT FG(2);:POKE

36,60:PRINT FG(3
15390 PRINT "%LOSS";:HTAB 40:PRINT FlI(2);:POKE 36,60:PRINT

. . . . . .. . . . . . . .. . .
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FL (3)
15400 PRINT:PRINT
15410 HTAB 37:PRINT "ROM SOURCES"
15420 PRINT "PIT/PILE";:HTAB 20:PRINT "ROM TONS";:HTAB

40:PRINT "'% LOSS";:POKE 36,60:PRINT "CLEAN TONS"
15430 PRINT:FOR 1=1 TO 20
15440 IF XCI)=0 THEN 15460
15450 PRINT NM$(I);:IHTAB 20:PRINT X(I);:HTAB 40:PR1NT

PLCI);:POKE 36,60:PRINT FC(I)
15460 NEXT I
15470 PRINT CHR$C9);"I":REM SCREEN WIDTH 40
15480 PRINT:PRINT D$;"PR#0":REM PRINTER OFF
15490 RETURN
15996 REM
15997 REM SUBROUTINE 16000
15998 REM SAVE REPORT DATA ON SEQUENTIAL ACCESS PILE
15999 REM4
16000 D$= CHR$(4)
16010 PRINT D$;"OPEN REPORTDATA,D1"
16020 PRINT D$;"DELETE REPORTDATA"
16030 PRINT D$;"OPEN REPORTDATA"
16040 PRINT D$;"WRITE REPORTDATA"
16050 PRINT DT$;" ," ;SO; ",";CIS; ", ";C2$; ", ";C3$; ", ";CS( 1)

;, ,CS(2) ;",";CS(3) ;",";DS( 1);"," ;DS(2) ;"," ;DS(3)-

16060 PRINT D$;"APPEND REPORTDATA"
16070 PRINT I$;"WRITE REPORTDATA"
16080 PRINT CB( 1);"," ;CB( 2) ;" ," ;CB( 3);"," ;DB( 1);"," ;DB( 2)

;",DB (3 );" ,";T1; ",";T2 ;" , ";T3 ;","; FR (1);", " ;FR (2)
; , FR(C3 ); " ," ;FW( 2 ); " ,";PW(3 ) ;" ," ;FX (1);" ," ;FX(C2)

;PX(3)
16090 PRINT DS;"APPEND REPORTDATA"
16100 PRINT D$;"WRITE REPORTDATA"
16110 PRINT P5(1);" ," ;FS(C2) ; ","; PS(3);" , ";PA (1);" , ";FA (2)

;" ";FA (3) ; " ,"; FM(1I ) ; ","; FM(2) ; " ,";FM (3) ;" I." ; FB(I
" , ";FB(2) ;","';FB(3) ; ',";FG(2) ;", ";FG(3) ;", ";FL(2)

',FL (3)
16120 PRINT D$;"APPEND REPORTDATA"
16130 PRINT D$;"WRITE REPORTDATA"
16140 PRINT X( 1);"," ;X( 2);"," ;X( 3);"," ;X( 4);"," ;X( 5);",";

XC 6 12 ;XC7) X ( 8 ;" XC 9 14 ", X ( 10 X16)

;""X( 17);"," ;XC 18);"," ;X( 19);"," ;X( 20)
16150 PRINT D$;"APPEND REPORTDATA"
16160 PRINT D$;"WRITE REPORTDATA"
16170 PRINT PL(1) ;",";PL(2) ;"," ;PL(3) ;"," ;PL(4) ;",";PL(5)
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;PL( ( ); "," ;PL(12);",';PL 13);"," ;PL(14);","

PL(15);",";PL(16);" ,";PL(17) ",";PL(18) ;",";PL(19)

; ", ,;PL(20)
16180 PRINT D$;"APPEND REPORTDATA"
16190 PRINT D$;"WRITE REPORTDATA"
16200 PRINT FC(1);",";FC(2);",";FC(3);",";FC(4);",";FC(5)

" ;FC(6); ", ";FC(7); "," ;FC(8); ",";FC(9); ",";FC(10)

;""FC (11);"," ;FC (12);","; PC (13);"," ;Pc (14);","
C(15);",";FC(16);"," ;FC(17) ;"," ;FC(18) ;", ";FC(19)
", ";FC(20)

16210 PRINT D$
16220 RETURN
17996 REM
17997 REM SUBROUTINE 18000
17998 REM NO SOLUTION DISPLAY
17999 REM
18000 HOME
18010 FOR B=I TO 10:PRINT CHR$(7):NEXT B:REM 10 BELLS
18020 PRINT "THE PROGRAM COULD NOT FIND A SOLUTION"
18030 ON SC GOTO 18040,18060,18100
18040 PRINT "FOR WASHING THE RAW COAL!"
18050 GOTO 18110
18060 PRINT "FOR WASHING THE ROM COAL!"
18070 IF SO=2 THEN 18110
18080 PRINT: PRINT "RAW COAL CAN BE WASHED AT
18090 INVERSE:PRINT FG(2):NORMAL:GOTO 18110
18100 PRINT "FOR BLENDING THE ROM COAL!"
18110 RETURN
19997 REM
19998 REM ++ERROR-HANDLING ROUTINE++
19999 REM
20000 EN=PEEK(222):REM GET ERROR NUMBER
20010 EL=PEEK(219)*256+PEEK(218):REM ERROR LINE
20020 CALL 768:REM FIX ONERR-GOTC PROBLEM
20030 IF EN=5 THEN E$="END OF DATA":GOTO 20200
20040 IF EN=4 THEN E$="WRITE PROTECTED DISK":GOTo 200,10
20050 IF EN=9 THEN E$="DISK FULL":GOTO 20090
20060 IF EN=8 THEN E$="I/O ERROR":GOTO 20130
20070 IF EN=6 THEN E$="FILE NOT ON DISK":GOTO 20130
20080 IF EN=10 THEN E$="FILE LOCKED"
20090 REM UNRECOVERABLE ERROR ENCOUNTERED
20100 POKE 34,0:HOME:PRINT E$
20110 POKE 216,0:REM DISABLE ERROR TRAP
20120 RESUME:REM AND RE-EXECUTE ERROR
20130 REM RECOVERABLE ERROR
20140 POKE 34,0:HOME:PRINT E$
20150 IF E$="I/O ERROR" THEN PRINT "CHECK THE DISK DRIVE AND

PRINTER"

-
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20160 PRINT "CORRECT THE PROBLEM, THEN PRESS"
20170 PRINT "THE RETURN KEY TO TRY AGAIN"

20180 INPUT "";CC$:REM WAIT FOR RETURN KEY
20190 RESUME
20200 REM END OF DATA ERROR
20210 POKE 34,0:HOME:PRINT E$
20220 PRINT "RERUN THE DATA PROGRAM AND"
20230 PRINT "REVIEW THE DISPLAYS FOR MISSING OR BAD"
20240 PRINT "DATA, INSERT TIE PROPER VALUE,'
20250 PRINT "THEN TRY AGAIN"
20260 POP:GOTO 840

--

. . .....
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